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A B ST R A C T

The murine T lymphocyte glycoprotein CD8 is a disulphide bonded 

heterodimer, composed of ap  or a 'p  chains, which plays a critical role in regulating 

the antigen responses of class I MHC-restricted T cells. CD8 must interact not only 

with its ligand, class I MHC, on antigen-expressing target cells, but also with other 

proteins on the surface of the T cell itself, such as the antigen-specific T cell receptor.

In the present study two additional molecules, of 26 kD and 29 kD molecular 

weight, associated with the CD8 complex have been identified and characterised. The 

26 kD molecule is a novel polypeptide preferentially associated with the "immature" 

forms of CD8 (a'P and p alone) and is only found within the cell. The data presented 

suggest that the 26 kD molecular weight protein may be involved in the 

developmentally regulated transport of CD8 .

The second molecule, of 29 kD molecular weight, is found on the cell surface 

of mature and immature T cells. This molecule appears to be another form of the CD8p 

polypeptide, with the major difference being the presence of variable amounts of sialic 

acid. The extent of this sialylation correlates not only with the differentiation status of 

the T cell but also with its state of activation. The changes in levels of sialic acid may 

have a significant influence on how CD8 interacts with other molecules. This is the 

first clear indication of a possible role for the CD8p chain, as previous evidence of CD8 

function has been correlated exclusively with the CD8a  chain.
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CHAPTER ONE

GENERAL INTRODUCTION

One of the major functions of the immune system in higher vertebrates is as part 

of the defense mechanism in order to eliminate invaders such as bacteria, viruses and 

parasites. T cells, together with B cells, have an important function in this defense 

system and they are able to distinguish self from non-self. There are many 

transmembrane glycoproteins present on T cells, which are involved in recognition and 

cellular activation.

1.1 T cell surface glycoproteins

1.1.1 The T cell receptor/CD3 complex

The T cell receptor (TcR) with its associated CD3 chains is a transmembrane 

multisubunit complex composed by at least seven components. This complex is 

divided into a variable subunit, which is highly polymorphic, and an invariant subunit 

which is identical in all T cells. The TcR is the variable component and consists of four 

members a , (3, y, and 8 forming two heterodimers a (3 and y5. These were originally 

identified using anti-idiotypic antibodies raised against T cell tumours (Allison et al., 

1982) or antigen specific T cell clones (Haskins et al., 1983). The components of the 

TcR are immunoglobulin-like structures consisting of variable and constant Ig domains 

and a short cytoplasmic tail (Hedrick et al., 1984; Yanagi et al., 1984).

CD3 is the invariant component, non-covalently associated with the TcR, which 

was initially identified as a specific human T cell marker using monoclonal antibodies 

(Kung et al., 1979). Biochemical and immunological studies were later undertaken to 

specifically characterise individual subunits. Five polypeptides of the CD3 complex
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have been identified so far, named y, 8 , e, £, and r| (reviewed in (Ashwell & Klausner,

1990)). Like the variable components, the CD3 y, 8 and £ chains are known to be 

members of the immunoglobulin family. The molecular weight of these proteins range ^ 

from 16-28kD also varying between mouse and human. The y and 8 subunits contain 

N-linked sugars, while the £, and T) are nonglycosylated. In the majority of receptor 

complexes the £ subunit is found as a homodimer, although a small proportion (5-20%) 

is disulphide linked to the rj subunit (Baniyash et al., 1988).

Molecular cloning of cDNAs encoding the y, 8 and e subunits of the CD3 

complex revealed that they have a high homology to each other. They all have a 21 

amino acid signal peptide, a 21-27 amino acids hydrophobic transmembrane domain, 

and a 45-55 amino acid cytoplasmic tail (reviewed in (Altman et al., 1990)). In 

contrast, the £ family is genetically distinct comprising three proteins encoded by two 

genes, £, with its alternate spliced product the ri chain and the Fee receptor y subunit 

(Klausner & Samelson, 1991). The £ and T| chains have a very short external domain 

(6-9 amino acids) while most of the protein is intracytoplasmic.

The assembly of the TcR/CD3 complex is highly regulated and all subunits are 

required for efficient surface expression (reviewed in (Ashwell & Klausner, 1990)). 

Moreover, an additional polypeptide associated with the TcR, TRAP of 26-28kD 

molecular weight, has been identified (Bonifacino et al., 1988; Pettey et al., 1987). 

TRAP associates non-covalently with the newly synthesised components of the TcR, in 

the endoplasmic reticulum (ER), for approximately 10-20 minutes before it disappears, 

suggesting that it is involved in the assembly of the TcR/CD3 complex.

The role of the TcR complex is to recognise and to specifically bind antigen 

presented by MHC molecules. This has been shown using TcRaP transfectants, 

possessing a different antigen specificity from that of the acceptor cell, which only 

responded to the same antigen/MHC as the ap donor (Dembic et al., 1986). These 

findings suggest that the variable chains of the TcR/CD3 multisubunit are responsible
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for the ligand specificity. Although the function of the CD3 complex is still not fully 

worked out, it has been suggested that it is involved in signal transduction. This view 

is strengthened by several findings which suggest that the £ chain is phosphorylated on 

tyrosine residues upon T cell activation (reviewed in (Janeway Jr, 1992)).

1.1.2 The CD4 and CD8 molecules

The CD4 and CD8 accessory molecules are present on mutually exclusive 

subsets of mature T cells. Both have been found to be transmembrane polypeptides, 

members of the immunoglobulin gene superfamily. While the CD8 amino-terminal 

secondary structure predicts one Ig variable (V)-like domain (Zamoyska et al., 1985), 

the CD4 predicts four although two of them are not complete Ig V-like regions (Littman 

et al., 1985; Tourvieille et al., 1986). Murine CD4 is a 55kD molecular weight 

structure which is expressed on the cell surface as a monomer (Dialynas et al., 1983). 

In contrast, the CD8 complex is a disulphide bonded heterodimer composed of two 

chains, the a  chain (also named Lyt-2) of 38kD molecular weight and the p chain (Lyt- 

3) of 30kD molecular weight. Two alternate spliced products have been shown to arise 

from the CD8a  mRNA, the a  chain which is encoded by the full length gene and a 

"tailless form", the a ’ chain, such that when translated into a protein has a molecular 

weight of 32kD (reviewed in (Pames, 1989)).

The CD8 a  and a' polypeptides have been found to be regulated during T cell 

development. While thymocytes express on the cell surface both ap  and a'P 

heterodimers, peripheral T cells express mostly aP  complexes although the a ' 

polypeptide can be found intracellularly suggesting a developmental regulation of 

protein expression (Walker et al., 1984b; Zamoyska & Pames, 1988). Further 

findings suggest that this regulation of surface expression of the a  and a' chains takes 

place in the Golgi complex or a post Golgi compartment as these polypeptides contain 

sialic acid residues (Zamoyska & Pames, 1988). In addition, transfection of the CD8p
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gene into L cells showed that the p chain is unable to be transported to the cell surface 

in the absence of a  (Blanc et al., 1988; Gorman etal., 1988). The converse is not true 

as the CD8a  polypeptide does not require the p chain for its surface expression 

(Zamoyska et al., 1985).

The CD8 and CD4 molecules have been shown to have dual functions: as a 

receptor interacting with MHC molecules and by direct or indirect involvement in 

transmembrane signalling events in activated T cells. Surface expression of either CD4 

or CD8 on T cells correlates with their ability to recognise antigen presented by MHC 

class II or class I molecules respectively (Engelman et al., 1981; Swain, 1981). 

Norment and co-workers first demonstrated a direct binding of CD8 to MHC class I 

molecules (Norment et al., 1988a). Anti-CD8 or anti-MHC class I monoclonal 

antibodies were shown to block adhesion between B cells expressing class I antigen 

and Chinese hamster ovary cells expressing high levels of human CD8 molecules. 

Similarly, binding of CD4, expressed in a monolayer of transfected cells, to MHC class 

II molecules, present in B cells, was shown to be inhibited by anti-CD4 or anti-MHC 

class II antibodies (Doyle & Strominger, 1987).

Whether the interaction between CD4 or CD8 with MHC molecules had any 

functional significance came from studies using monoclonal antibodies against the 

accessory molecules which were shown to block T cell function. Anti-CD8 mAbs were 

shown to block proliferation of CD8+ T cells (Hollander et al., 1980) and to inhibit 

killing of targets by T cells (Evans e ta l,  1981; Reinherz etal., 1981). Moreover, anti- 

CD4 mAbs were able to block class II MHC antigen-specific responses of CD4+ T cells 

(Dialynas et al., 1983). However, these mAbs showed different blocking efficiencies 

which could be explained by differences in the affinity of their TcR for MHC antigen. 

Such that high affinity receptors are less dependent on accessory-MHC interactions 

compared to those T cells expressing low affinity TcR molecules (Biddison et a l, 

1982; Marrack et a l, 1983).
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Transfection experiments have also been used to study the role interactions 

between accessory molecules and MHC antigens have in T cell functions. Co

transfection of TcR, specific for fluorescein, and CD8 resulted in the killing of LPS- 

induced lymphoblast targets expressing fluorescein, which was not seen when TcR 

was transfected alone (Dembic et al., 1987). Other studies using T cell hybridomas 

transfected with CD4 cDNA produced more IL-2 in response to human class IIHLA- 

DR antigen compared to untransfected cells (Sleckman et al., 1987). Together these 

findings strongly supports the view that CD4 and CD8 glycoproteins are receptors for 

MHC antigens.

Initial evidence suggesting that CD4 and CD8 were involved in T cell function 

came from blocking studies with monoclonal antibodies (mAb) specific for these 

polypeptides. Although variability was found between the mAbs and cells used, 

overall they were shown to block T cell antigen-driven functions. Cytotoxicity of 

targets by T cells (Evans et al., 1981; Reinherz et al., 1981) and proliferation of T cells 

in a mixed lymphocyte reaction (Engelman et al., 1983; Hollander et al., 1980) were 

shown to be blocked by anti-CD8 mAbs. Moreover, antigen-specific MHC class II 

response of CD4+ T cells was also found to be blocked by anti-CD4 mAbs (Dialynas et 

al., 1983).

The view that CD4 and CD8 molecules are involved in signal transduction has 

been strengthened by data showing that a src family protein tyrosine kinase, p56^c^, 

binds to a distinct sequence in the cytoplasmic tail of both CD4 and CD8 polypeptides 

(Marth et al., 1985; Rudd et al., 1988; Veillette et al., 1988a). Furthermore, it has been 

suggested that the coupling of p56^c^ to the cytoplasmic tail of either CD8 or CD4 leads 

to phosphorylation of the CD3 complex (Barber et al., 1989; Veillette et al., 1989c; 

Veillette et al., 1989b). Together these data support the idea that CD8 and CD4 are 

involved in signal transduction.
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CD4 and CD8 have also been shown to play a role in T cell differentiation. 

Transgenic mouse studies have suggested that CD8 and CD4 may themselves be 

directly involved (von Boehmer et al., 1989; Zijlstra et al., 1990). The transgenic mice 

were made with a TcR obtained from a CTL specific for an antigen in context of MHC 

class I antigen. The studies showed that engagement of a transgenic TcR with an 

appropriate MHC class I resulted in the increased selection of CD4'/CD8+ thymocytes 

suggesting that the CD8 antigen plays a role in selection of the T cell repertoire (von 

Boehmer et al., 1989). More recently, studies in homozygous mice with mutations in 

the CD8a  gene resulted in the failure of mature MHC class I reactive T cells to develop 

(Fung-Leung et al., 1991). Similarly, in the CD4-deficient mice no CD4+ T cells have 

been found and although development of the CD8+ cells is not affected there is a 

marked increase in the numbers of the CD8+ mature T cells (Rahemtulla et al., 1991). 

These findings strongly suggest that the CD4 and CD8 accessory molecules play an 

active role in the development of T cells in the thymus.

1.1.3 Other accessory molecules

It has been suggested that activation of a T cell following recognition of antigen 

may be regulated by a number of accessory molecules, including CD45, CD2, LFA-1, 

ICAM-1 and CD28 (Springer, 1990). These molecules appear to increase the avidity of 

the interaction between T cells and their targets and may also play a role in signal 

transduction.

CD45, also known as the leukocyte common antigen, is found on all 

hemopoietic cell types. This molecule has been shown to have a tyrosine-specific 

phosphatase activity (Tonks et al., 1989). Interestingly, the structure of CD45 consist 

of a variable external domain and a constant cytoplasmic tail with two tyrosine 

phosphatase domains (reviewed in (Thomas, 1989)). The variability of the external 

domain is due to alternate splicing of its transcript and differences in glycosylation
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giving rise to proteins with a range between 180-220kD molecular weight. These 

different CD45 isoforms have been characterised with the help of monoclonal 

antibodies against specific epitopes. One possible role for CD45 is suggested by 

studies where cells lacking this molecule have been shown not to respond efficiently to 

TcR ligands. Moreover, the different isoforms of the CD45 molecule have been shown 

to correlate with different activation states (Lefrancois et al., 1986), as described in 

section 1.3.3. Together these findings suggest that CD45, through its phosphatase 

activity, is involved in modifying signal transduction mechanisms at different stages of 

activation.

CD2 was originally identified as a receptor on human T cells specific for sheep 

red blood cells. It is a 50kD nonpolymorphic transmembrane molecule which is 

expressed by natural killer cells and T cells very early in development, even earlier than 

CD3 (reviewed in (Altman et al., 1990)). CD2 has a dual role, in adhesion and in T 

cell activation. Its role as a cell-cell adhesion promoting molecule is accomplished 

through the binding to its natural ligand, LFA-3, a molecule with a wide tissue 

distribution (Dustin et al., 1987; Shaw et al., 1986). CD2/LFA-3 interaction is thought 

to play a role in the interaction between immature T cells and thymic epithelial cells 

(Vollger et al., 1987) and between CTLs and their targets (Krensky et al., 1983). In 

addition, CD2 has been shown to participate in T cell activation when triggered by 

combinations of anti-CD2 antibodies (Meuer et al., 1984). Studies of this "alternative 

pathway" of T cell activation showed that not all antibodies against CD2 will trigger the 

activation mechanism, moreover only a specific combination of anti-CD2 antibodies is 

required. Although the CD2 activation pathway has been shown in CD3‘ cells other 

evidence indicates that TcR/CD3 expression is usually necessary for the CD2 alternative 

activation pathway (reviewed in (Altman et al., 1990)).

The binding of LFA-1 to ICAM molecules has been shown to be important in 

cell-cell and cell-extracellular matrix interactions. LFA-1 is only expressed in 

leukocytes and belongs to the integrin family (reviewed in (Dustin & Springer, 1991)).
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Expression of ICAM-1 is found in many types of cells in response to activation and 

inflammatory agents facilitating T cell interactions with any cell in the body under 

appropriate conditions. ICAM-1 is thought to be involved in the lysis of target cells by 

CTLs. It has been shown that the killing by CTLs is inhibited using antibodies to 

ICAM-1 and that this molecule is required on the target cell (Makgoba et al., 1988).

Another molecule implicated in T cell activation is the CD28 polypeptide. It is a 

44kD homodimer present on most CD4+ T cells and some CD8+ T cells. Several 

findings have shown that the CD28 molecule is involved in T cell activation by a 

pathway distinct from the one described through the CD3 molecule (Hara et al., 1985; 

Ledbetter et al., 1990). Other studies have reported that anti-CD28 monoclonal 

antibodies synergise with anti-CD3 or anti-TcR antibodies in the activation of human T 

cells (Weiss et al., 1986). Moreover, it has been shown that the anti-CD28 mediated T 

cell activation pathway stimulates the secretion of several lymphokines (Thompson et 

al., 1989), but unlike other activation pathways that induce lymphokine production the 

CD28-mediated response is not inhibited by cyclosporin. Another role for the CD28 

molecule has been shown in T cell proliferation studies. Antibodies to CD28 together 

with anti-CD3 antibodies have a mitogenic activity on T cells (Ledbetter et al., 1985b). 

This mitogenic effect together with the presence of its ligand, BB-1/B7, on thymic 

tissue suggest that CD28 might be involved in thymic selection (Turka et al., 1991).

1.2 Accessory molecules involved in T cell development

1.2.1 Stages in intrathymic development

Bone-marrow-derived stem cells colonise the embryonic thymus and will 

continue to seed the adult thymus throughout life. Its thought that each stem cell or 

prothymocyte gives rise to all the T-cell lineages. In recent years the thymus has 

become less of a "black box" as thymocytes have been shown to undergo a process of
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differentiation involving accessory molecules and other T cell markers. Two T cell 

lineages are found based on the TcR expression, namely the a p  and the yS lineages. 

Studies on the developmental events occuring in the thymus have mainly concentrated 

on the ap  lineage as it is not clear yet the real source of the y8 T cells. The intrathymic 

development of aP  T cells undergoes different stages which in simplified form goes 

from immature T cells comprising the double negative T cells (CD3'/CD4’/CD8'), later 

to the double positive stage (CD3dulVCD4+/CD8+),and finally to a single positive stage 

which is also known as mature T cells (CD3+/CD4+/CD8- and CD3+/CD4YCD8+). 

Several other steps occur in between, indicated by other phenotypic markers. These 

single positive mature T cells will eventually leave the thymus and enter the periphery 

(reviewed in (Fowlkes & Pardoll, 1989)).

Recently, suprising results have emerged from studies on a very early 

population of precursor cells. The earliest prothymocytes that had been described were 

of the double negative phenotype (CD3YCD4-/CD8-) (reviewed in (Nikolic-Zugic, 

1991)). An even earlier population of stem cells has been recently isolated from adult 

murine thymus and were found to express low levels of CD4, but no CD8 (Wu et al., 

1991a). This population has TcR genes in the germline stage and high thymocyte 

reconstitution abilities. Compared to hemopoietic stem cells, these precursors give rise 

to T and B cells found in the spleen, lymph nodes and bone marrow, although it fails to 

produce macrophages and granulocytes (Wu et al., 1991b). Moreover, these 

prothymocytes take a week longer, compared to the double negative cells, to produce 

the double positive phenotype (CD3+/CD4+/CD8+) strongly suggesting that it is indeed 

an earlier population.

Once this CD4+/CD8' early precursor cell population enters the thymus it must 

downregulate CD4, CD44 (Pgp-1) and class I MHC molecules and upregulate Thy-1, 

HSA and the IL-2Ra-chain (reviewed in (Scollay, 1991)). This so called double 

negative stage will then develop into double positive thymocytes, with a parallel 

downregulation of IL-2Ra chain. Prior to obtaining the double positive phenotype
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thymocyte maturation goes through an intermediate step. The intermediate populations 

may progress to the double positive by expressing CD8 first, giving rise to the 

immature single positive CD8 (CD3YCD4YCD8+), or by expressing CD4, to produce 

the immature single positive CD4 (CD37CD4+/CD8") population (Matsumoto et al., 

1989; Paterson & Williams, 1987). The percentages of these two intermediate group of 

cells have been shown to vary with mouse strain (Hugo et al., 1991) and although they 

are precursors of the double positive population (Guidos et al., 1989) there is no clear 

evidence that they have any preference for subsequent CD4+ or CD8+ lineages. This 

view is strengthened by studies where the CD3"/CD4'/CD8+ subset has been shown to 

give rise to both single-positive mature populations (Guidos et al., 1989).

1.2.2 Positive and negative selection

The series of events occuring in intrathymic differentiation reach a critical point 

when the T cell repertoire is sculptured and the mature T cells leave the thymus. The 

selection of developing ap  T cells is primarily based on the specificity of their TcR. If 

developing T cells are confronted with MHC plus peptide, they are deleted and this has 

been called negative selection. Positive selection occurs when the developing T cells 

require the binding of TcR to a particular MHC molecule in the thymus, to become 

selected and thus mature thymocytes. Both negative and positive selection must be 

finely coordinated in order to obtain a T cell repertoire that will not react against self and 

that will be capable of recognising foreign antigens.

It was first proposed by Jeme that the vast T cell repertoire might be generated 

by the interaction of TcR and MHC molecules (Jeme, 1971). More recently, studies of 

TcR transgenic mice have given strong evidence for positive selection (Kisielow et al., 

1987; Teh et al., 1988). In this study, the developmental fate of T cells can be easily 

followed as a large proportion of thymocytes exclusively express a transgenic TcR. 

These transgenic mice were made with an apTcR obtained from CD4'/CD8+ CTL
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specific for the male H-Y antigen in context of the H-2Db MHC class I antigen. In 

transgenic male mice, where the H-Y is a self peptide, a deletion of the CD4+/CD8+ 

population occured. In contrast, in female transgenic mice H-Y is not a self-antigen, 

and thymocytes expressing the transgenic TcR developed preferentially to the CD4" 

/CD8+ mature stage. These findings suggest that the CD4-/CD8+ cells were positively 

selected in female mice and that engagement of the transgenic TcR and CD8 with MHC 

class I molecules is crucial for the selection of an increased number of thymocytes with 

the CD4YCD8+ phenotype. This phenomenon is not only observed for MHC class I- 

specific TcR as skewing to the CD4+/CD8" phenotype has been observed in transgenic 

mice which express the appropriate MHC, with apTcR from MHC class II-specific T 

cell clones (Berg et al., 1989).

Other studies have provided more evidence for positive selection. In 

subsequent studies MHC class I specific TcR transgenic mice were crossed with a 

severe combined immunodeficient background (SCID), which will abolish the 

endogenous TcR gene rearrangement, no thymocytes with the CD4+/CD8' phenotype 

were found (Scott et al., 1989). Moreover, p2-microglobulin deficient mice expressed 

little if any functional MHC class I and were shown to lack mature CD4_/CD8+ T cells 

in the thymus (Zijlstra et al., 1990). Together these findings suggest that the interaction 

of TcR with thymic MHC molecules is one crucial component for the development of 

mature T cells.

The role CD4 and CD8 play in positive selection is emphasised in studies where 

in vivo injection of co-receptor antibodies have been shown to interfere with T cell 

maturation, although depletion of CD4 or CD8 positive cells in the lymph nodes is not 

observed (Ramsdell & Fowlkes, 1989; Zuniga Pfliicker et al., 1990). Even more 

conclusive results have been obtained with "knockout” mice. Fung-Leung and co

workers have studied mice deficient in CD8 expression by disrupting the Lyt-2 gene at 

the embryonic stem cell level (Fung-Leung et al., 1991). These mice show no CD8+ T 

lymphocytes although the CD4+ population seems to be unaltered and more importantly
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there were no class I restricted cells, indicating selection could not occur without CD8 

antigen. Similarly, mice with a disrupted CD4 gene in embryonic stem cells do not 

express CD4 on the cell surface although the development of CD8+ T cells is not 

affected (Rahemtulla et al., 1991). These data suggest that CD4 and CD8 molecules are 

required for the positive selection of class II and class I MHC restricted T cells 

respectively, but expression of both in immature cells is not mandatory for thymocyte 

maturation.

Several lines of evidence support the idea that engagement of TcR to MHC- 

bound peptides results in negative selection of immature T cells. The mechanism by 

which immature T cells are eliminated in the thymus appears to be the induction of 

programmed cell death (apoptosis). One set of studies described how in vitro TcR 

engagement on immature T cells by either anti-TcR antibody or natural MHC-antigen 

ligand produced DNA degradation and cell death (Smith et al., 1989; Swat et al.,

1991). Other findings have shown that intraperitoneal administration of ovalbumin into 

ovalbumin-specific TcR transgenic mice induced cell death in the immature 

CD4+/CD8+/TcRl0 T cell population, within 20 hours of treatment. In this experiment 

cell death was demonstrated by in vivo changes in the hystology of cell nucleus, 

suggesting that they were being eliminated by apoptosis (Murphy et al., 1990).

Selective elimination of self-reactive T cells or their functional inactivation has 

also been shown by clonal deletion of MHC class II self-antigen reactive T cells in mice 

expressing the Vpl7a allele of their apTcR molecule which react with high frequency 

with I-E MHC class II molecules (Kappler et al., 1987). This effect seem not to be 

specific for the Vpl7a allele as other TcR expressing different VP gene products, such 

as the VP8.1 and the VP6 , have also been shown to have similar effects in shaping the 

T cell repertoire (Kappler et al., 1988; MacDonald et al., 1988). Recently, it has been 

suggested that superantigens are involved in this clonal elimination of Vp gene products 

towards MHC II antigens (Dyson et al., 1991; Frankel et al., 1991; Marrack et al., 

1991; Woodland et al., 1991). It has been proposed that superantigens do not bind
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MHC molecules in the same way as other conventional antigens but bind 

simultaneously to an MHC class II molecule and all TcR encoded by one or more VP 

gene (reviewed in (Janeway Jr et al., 1989)). Superantigens can be detected in a given 

mouse by the absence of mature T cells containing these autoreactive TcR.

A theory of how selection in the thymus may occur has been described as the 

"affinity hypothesis" (reviewed in (Sprent & Webb, 1987)). In this model, thymocytes 

have different affinities for self-MHC antigens. Those with high or low affinity for 

self-MHC will be positively selected (or escape cell death), which takes place in the 

thymic cortex. Negative selection will then occur in the corticomedullary region of the 

thymus where thymocytes with high affinity for self-MHC will be deleted and only 

those with low affinity will escape death and exit to the periphery.

What are the events that determine which lineage, CD4 or CD8 , a cell will 

eventually follow?. Two models have been proposed: instructive and selective 

(reviewed in (Robey et al., 1990)). In the instructive model immature double positive 

cells interact with MHC antigens and are then given the order to downregulate the 

unwanted accessory molecule. The selective model suggests that the loss of CD4 or 

CD8 is random, but this event is followed by the selection of mature single positive T 

cells with the right combination of TcR specificity and accessory molecule.

Many theories have been described to explain how commitment of the different 

T cell lineages is obtained, but to date there has been no direct evidence to support any 

of them. Regardless of this it is unquestionable the role TcR, CD4 and CD8 play in the 

maturation of T cells in the thymus.
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1.3 Molecular associations in signal transduction

1.3.1 CD4 and CD8 are associated with p56,ck, a tyrosine kinase

Protein tyrosine kinases were originally described as oncogenic elements in 

cellular transformation with a regulatory role in cell growth (Collett & Erickson, 1978). 

One of the members of the src protein tyrosine kinase family, p56lck, has been 

described in lymphoid cells predominantly in T cells, although it is also present in some 

mouse B cells (reviewed in (Rudd et al., 1989)). The lck molecule contains certain 

features which are characteristic of the src family of tyrosine kinases. The amino 

terminus contains a myristylation site which allows p56lck to interact with the plasma 

membrane (Marchildon et al., 1984). The carboxy terminus contains two tyrosine 

residues, one at position 505 which when phosphorylated inhibits kinase activity of the 

lck molecule (Veillette et al., 1988a). The second tyrosine residue is at position 394 

which can be autophosphorylated and when it does p56lck has higher kinase activity 

(Veillette et al., 1991).

p56lck associates with the cytoplasmic tail of CD4 and CD8 molecules (Rudd et 

al., 1988; Veillette et al., 1988) to a specific cysteine motif which when deleted 

prevents lck binding (Shaw et al., 1990; Turner et al., 1990). These studies showed 

that the CD4 and CD8 antigens were co-immunoprecipitated with a 55-60kD molecular 

weight polypeptide possessing phosphokinase activity. Specific antibodies were later 

used to identified this molecule as p56lck. In addition, this association was later 

confirmed by studies of the functional role of the cytoplasmic tails of CD4 and CD8 

molecules (Letoumeur et al., 1990; Zamoyska et al., 1989). These findings showed 

that the "tailless" CD8a ' polypeptide did not associate with p56lck and was not as 

efficient as the a  molecule at restoring antigen responsiveness. Together, these data 

suggest that the cytoplasmic tails of CD4 and CD8 play an important role in T cell 

activation and that this correlated with the ability to interact with pSf)1̂ .
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1.3.2 T cell receptor/CD3 complex associates with p59fyn

Another member of the src tyrosine kinase family, p59fyn, is found in lymphoid 

and non-lymphoid cells. This kinase, like the lck molecule, is located at the plasma 

membrane with a tyrosine located at the carboxy terminus (tyr-531) analogous to tyr 

505 in p56lck (Kawakami et al., 1988). p59fyn has been be detected in anti-TcR 

immunoprecipitates when cells were solubilised in a non-ionic detergent (Samelson et 

al., 1990). Although this association seems to be specific, the amount of p59fyn is very 

low. These findings are supported by experiments done on transgenic animals which 

overexpress p59*Vn in T cells (Cooke et al., 1991). This overexpression causes mature 

T cells to be hyperstimulable shown by an increase in intracellular [Ca+], 

phosphotyrosine induction, cytokine production and proliferation. These effects seem 

to be specific as they are not seen in mice which overexpress p56lck.

Moreover, as a result of alternative splicing p59fyn exists as two isoforms, fyn 

T and fyn B (Cooke & Perlmutter, 1989). While the p59fynB isoform is expressed in 

the brain, p59fynT is found predominantly in T lymphocytes. Recently it has been 

shown that both isoforms, once activated, enhance anti-TcR antibody responses in 

transfected murine T cell hybridomas (Davidson et al., 1992). In contrast, only 

activated p59f>'nT efficiently increased T cell responsiveness to antigen stimulation 

suggesting that only this isoform plays a role in tissue-specific functions of T cells. 

Although these data strongly suggest that this protein tyrosine kinase plays a key role in 

the signal transduction of T cell activation, the physiological mechanism by which 

p59fyn is activated and how it is involved in the activation process of T cells is still 

poorly understood.

1.3.3 The role of CD45 as a tyrosine phosphatase

The leukocyte common antigen, CD45, has been shown to play an important 

role in T cell activation. Mutant cloned T-cell lines, which lack CD45 expression,
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failed to proliferate in response to antigen compared to the parental cell line (Pingel & 

Thomas, 1989). Response to antigen was regained in a revertant CD45+ T cell clone. 

Other studies have shown that CD5 mutant cell lines were defective in signalling via the 

T cell receptor and that this signal transduction capability was restored when wild type 

CD45 was transfected into this cell line (Koretzky et al., 1990). In addition, it has been 

suggested that CD45 is capable of activating p56lck by dephosphorylating the tyr-505 

residue (Mustelin et al., 1989). These studies showed that activation through p56lck 

was not present in CD45- mutant cells, but was restored with the addition of CD45 

molecules. These findings are compatible with other similar studies where CD45' 

mutant T cell lymphoma lines showed a higher phosphorylation of the tyrosine residue 

505 on p56lck compared to wild type CD45+ cells (Ostergaard et al., 1989). Moreover, 

CD45 has been shown to have contrasting effects, cross-linking experiments with anti- 

CD45 specific antibodies were able to inhibit or to stimulate T cell activation. The 

studies suggesting inhibition of T cell activation showed that [Ca+]i was not increased 

after CD3, CD2 or CD28 receptors were CTOSslinked with CD45 and also showed 

inhibition of T cell proliferation (Ledbetter et al.t 1988). In contrast, other studies 

showed that CD45 was able to increase proliferation of murine spleen cells activated 

with phytohemagglutinin (Marvel et al., 1989). Although the role CD45 plays in T cell 

function is still controversial , increasing evidence suggests this molecule plays a 

critical role in T cell activation.

1.3.4 Phosphatidylinositol hydrolysis pathway

Antibody-mediated cross linking of the antigen receptors in both T and B cells 

induces several biochemical changes which have been shown to be involved in T cell 

functions. Similarly to a domino effect, these biochemical events are triggered by 

ligands to the TcR/CD3 complex which in the presence of phospholipase C (PLC) 

stimulate hydrolysis of phosphatidylinositol 4, 5-biphosphate (PIP2) (Berridge & 

Irvine, 1984). This reaction generates inositol triphosphate (IP3) and diacylglycerol
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(DAG) which act in concert as second messengers to increase intracellular calcium 

mobilization from the endoplasmic reticulum and to activate protein kinase C (PKC), 

respectively. A combination of these two events, and possibly other accessory signals, 

would subsequently trigger IL-2 production and T cell proliferation (reviewed in 

(Altman etal., 1990)).

Accumulated evidence indicates that G proteins control PLC activation in a 

variety of cell types. For example, the G proteins encoded by c-ras protooncogenes 

have been implicated in the signal transduction processes particularly in the PI signaling 

pathway. In these studies cells overexpressing c-ras gene products showed an 

increased production of inositol phosphates and DAG (Fleischman et al., 1986; Preiss 

et al., 1986). These findings are compatible with studies where GTP is shown to be 

essential for the stimulation of PI hydrolysis in permeabilized T cells (Gold et al., 

1987). Together these data suggest that G proteins are involved in regulating the 

hydrolysis of PI, although there is still no direct proof and the identity of this G protein 

is not known.

In order to study the production of the second messengers, IP3 and DAG, 

calcium ionophores and phorbol esters have been shown to mimic, respectively, similar 

signals resulting in the activation of T cells by antigen (Ransom & Cambier, 1986). 

Although one would predict that engagement of the TcR/CD3 complex is sufficient for 

IL-2 production, it was found that an additional signal was required, like PMA or IL-1 

(Rosoff et al., 1988; Weiss et al., 1984). Calcium mobilization during T cell activation 

consists of two phases: the addition of anti-TcR/CD3 antibodies to Jurkat cells results 

in a quick five-fold increase in intracellular [Ca++] which later falls to a plateau for 

more than 30 minutes, although above baseline (Imboden & Stobo, 1985). These 

studies also show that [Ca++]i influx is blocked by Ca++ channel blockers thus 

suggesting that TcR/CD3 triggering must also regulate Ca++ channels and transport 

across the membrane.
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Tyrosine protein phosphorylation has been shown to be required for the antigen 

stimulation of PI hydrolysis in B and T cells. It has been reported that tyrosine 

phosphorylation is increased after T cell receptor stimulation but before PLC activation 

(June et al., 1990). Others studies analysing CD45” mutants of the HPB.ALL cell line 

showed no increase in the level of [Ca++]i in response to anti-CD3 antibody stimulation 

compared to the parental leukemic cell line (Koretzky et al., 1990). This lack of 

response in the CD45- mutant is not due to its inability to mobilize free Ca++ as 

pharmacological agents, which do not act through the TcR, are still able to increase the 

intracellular Ca++ stores. This view is strengthened by other studies using inhibitors of 

tyrosine protein kinases (reviewed in (Sefton & Campbell, 1991)). Inhibitors such as 

genistein and herbimycin were found to inhibit both mitogen-induced tyrosine 

phosphorylation and stimulation of PI hydrolysis. Together these data suggest that 

tyrosine phosphorylation may regulate PI hydrolysis in antigen-activated T cells. If 

these findings are true PI hydrolysis and tyrosine phosphorylation are not part of 

parallel signalling pathways as thought, but are involved in a single pathway wheie 

protein phosphorylation is regulating the turnover of PI in signal transduction 

mechanisms.

1.4 Molecular associations in cell recognition

1.4.1 Association of accessory molecules in target cell killing

The first and most important event in lymphocyte-mediated cytotoxicity is the 

recognition of its specific target cell (TC) leading to the binding of two cells. This 

physical association has two important functions: the activation of the effector 

mechanism and the delivery of secretory proteins from the effector cell to the target cell. 

These two functions ensure that the response is selective and specific (reviewed in 

(Podack & Kupfer, 1991)). Two types of lymphocytes, cytotoxic T cell (CTL) and 

natural killer cells (NK), can recognise, bind and kill target cells. Several accessory
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molecules are involved in the recognition and adherence step of target cell killing by T 

cells, particularly the T cell receptor, CD4, CD8 and LFA-1. It has been shown that 

most monoclonal antibodies to these molecules interfere with the effector cell function 

(reviewed in (Bierer et al., 1989)). NK cells have a different machinery to recognise 

target cells compared to T cells, although the mechanism of cell killing is thought to be 

very similar to that observed in thymocytes (Krahenbiihl & Tschopp, 1991).

The study of the surface distribution of TcR, CD4 and LFA-1 in T 

effector/target cell interactions showed interesting results. These accessory molecules 

were labeled with conjugated antibodies and subsequently mixed with antigen 

presenting cells (APC), which were pulsed with the specific antigen. Cell couples were 

rapidly formed and clustering of these three molecules on the site of contact was shown 

(Kupfer et al., 1987; Kupfer et al., 1986). In contrast, when APC were pulsed with 

irrelevant antigen no cell-cell coupling was shown and suprisingly neither the TcR, 

CD4 nor LFA-1 molecules were clustered into the site of contact. These findings 

suggest that the redistribution of CD4 and LFA-1 are affected by the binding of the 

TcR. This was a suprising result as CD4 and LFA-1 molecules, which bind to la and 

ICAM-1 respectively, could have clustered independently of the TcR molecule.

Moreover, phosphorylation of T cells results in the binding of the LFA-1 

molecule to talin, a cytoskeletal protein, which also redistributes to the site of contact 

(reviewed in (Kupfer & Singer, 1989)). In addition, dense granules which contain 

perforin and proteases (Yannelli et al.t 1986) as well as the microtubule organizing 

center (MTOC) and the Golgi complex (reviewed in (Kupfer & Singer, 1989)) all 

redistribute to the site of contact.

Similar studies were done with CD8 and CTL/target cell conjugates but no 

clusters of CD8 molecules were shown into the cell-cell contact area. If these 

differences between CD4 and CD8 molecules are true it could be explained by studies 

comparing the time of contact between T helper cells/APC and CTL/TC. While the
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CTL/TC interactions are only for a few minutes, as the lethal hit is very quick, the 

Th/APC remain bound for several hours long enough for the effector cell to produce 

and secrete cytokines (reviewed in (Podack & Kupfer, 1991)).

Several mechanisms of target cell killing have been described (reviewed in 

(Podack & Kupfer, 1991)). These pathways have been identified and characterised 

based on their different properties, for example their Ca++ dependency, the cell subsets 

they are expressed in, the cytolytic mediators and the proteins which inhibit them. 

Many of these different mechanisms are coexpressed in the same cell, making it 

difficult to assess their individual role. Whichever pathway effector cells engage in, 

their task is to eliminate cells when they become altered by infectious agents. Two 

methods have been described to cause target cell death. The first is killing of the target 

cell through cytolytic agents such as perforin present in granules reoriented to the site of 

contact. These cytolytic proteins are released and cause the death of the target cell by 

damaging the plasma membrane. The second method of target cell killing is by 

encouraging the target cell to commit suicide, also called programmed cell death or 

apoptosis. Usually cells that commit suicide are nucleated, exhibit DNA degradation in 

multiples of 200bp (Wyllie, 1987), some require protein synthesis (Ucker e ta l., 1989) 

and some show an increase in intracellular [Ca++] (McConkey et al., 1989). Although 

the mechanism of programmed cell death is unknown studies have shown that removal 

of growth factors, temperature shifts and interaction of TcR with its ligand in T cells, 

among many others, are factors known to trigger apoptosis (reviewed in (Podack & 

Kupfer, 1991)). Accessory molecules are not known to play an active role in the 

elimination stage of target cell death, but they are very much involved in the initial step 

of recognition, adhesion and most probably in the transmission of the correct signals to 

the effector cell to position its killing artillery towards the killer/target contact site.

32



1.4.2 Associations between accessory molecules upon T cell activation

Several lines of study, such as coprecipitation analysis, cocapping analysis and 

fluorescence resonance energy transfer, have been used to document physical 

associations between accessory molecules on the surface of T cells. Although most of 

the findings have concentrated on the association described in helper T cells between 

CD4 and TcR/CD3 complex, it has also been suggested that other associations exist 

such as CD45 with CD4 or CD8 , CD2 with CD45 and between CD2 and CD3 

polypeptides.

Modulation studies have been described using anti-CD4 or anti-CD3 antibodies 

on peripheral T cells, thymocytes and a CD4+ T cell clone. Anderson and co-workers 

showed that 10% of surface CD4 is internalised after CD3 modulation and 5% of CD3 

is internalised after CD4 modulation therefore suggesting that two CD4 molecules 

interact with each CD3/TcR complex (Anderson et al., 1988). Similarly, other groups 

using different strategies have supported this stoichiometry (Mittler et a/., 1989; Rojo et 

al., 1989; Saizawa et al., 1987).

The association between CD4 and TcR is shown to coincide with the most 

effective T cell activation conditions (Rojo et al., 1989). Moreover, anti-TcR 

antibodies which induce physical association between CD4 with the TcR will also 

induce tyrosine phosphorylation of the TcR£ chain (Dianzani et al., 1992). Rivas and 

co-workers, also exploring the relationship between CD4 and TcR, found that on PHA- 

activated, but not resting T cells, CD4 molecules physically interact with the CD3/TcR 

complex (Rivas et al., 1988). Altogether, these findings propose that the association 

between CD4 molecules and the CD3/TcR complex is essential for efficient helper T 

cell activation.

A physical interaction between CD45 and CD4 or CD8 polypeptides was shown 

using fluorescence resonance energy transfer (Mittler et al., 1991). In human PBL T 

cells, association between CD45 and CD4 or CD8 was shown to take place in an MLR
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response. As CD45 has a tyrosine-specific phosphatase activity (Tonks et al., 1989) 

and that this molecule associates with CD4 and CD8 antigens, one can hypothesise that 

it is for the purpose of regulating the phosphorylation of p56lck (which interacts with 

CD4 and CD8). Furthermore, in both mouse and human T cells CD45 molecules non- 

covalently associate with the CD2 antigen (Altevogt et al., 1990; Schraven et al., 1990) 

suggesting that CD45 plays a role in the "alternative pathway" of T cell activation.

The details of these different associations are discussed further in chapter 6 . So 

far, the studies done give an initial picture that the interaction between the accessory 

molecules, present on the surface of T cells, does not seem to be a random process but 

may be a well controlled mechanism of T cell function.

1.5 Aims of this thesis

As molecules expressed on the surface of T cells do not seem to function in an 

independent fashion, this thesis aimed to investigate further the role CD8 antigen plays 

in T cell functions and the relevance two novel molecules associated with the CD8 

complex, of 26kD and 29kD molecular weight, have on these specific functions. Three 

main approaches were used. First, biochemical techniques were employed to identify 

and characterise these two proteins. Second, the relationship of the 26kD and 29kD 

molecular weight proteins to the CD8 heterodimer was evaluated using different gel 

systems. The third approach was to use transgenic animals to activate T cells in vivo in 

an attempt to study the functional role these two molecules have in T cell activation.
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CHAPTER TWO

MATERIALS AND METHODS 

2.1 Tissue culture

2.1.1 M edia

Culture of hybridomas was done in: RPMI/2% bicarbonate medium and 

together with MEM-H and cysteine/methionine-free medium (used for metabolic 

labelling) were supplied by ICRF Cell Production Unit, Clare Hall, Hertfordshire, 

U.K. Tissue culture plastics was supplied by Falcon (UK).

Culture medium was supplemented with:

Glutamine (0.24M) obtained from ICRF Cell Production Unit,

2-ME (14.4M stock, BDH, UK) used at a final concentration of 5 x 10“̂  M, 

diluted in RPMI and fiter sterilised (0.2 m fiter) to give a stock of 5 x I  O '2  M, 

Penicillin (100 U/ml)/streptomycin (lOOmg/ml) (Gibco, UK)

25 mM HEPES

10% v/v heat inactivated foetal calf serum, 56°C 30 min. (mycoplasm tested, 

Gibco)

2.1.2 Cell Culture

Cells were maintained at 37°C with a constant 5% CO2  atmosphere in a 

humidified cell culture incubator:

VL3.1 and KKT2 (McGrath and Weissman, 1979) thymomas were grown in 

RPMI (plus supplements described in section 2.1.1) and passaged by diluting 

approximately 1/10 in fresh medium every 3 days.
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C6 .1 is an MHC class 1 restricted CTL produced by the immunisation of a 

CBA/H female mouse with CBA/H male irradiated spleen cells and is specific for H-Y 

antigen in context of H-2Kk (Tomonari, 1985). The cells were boosted by CAS into 

antigen independent growth and were stable in long-term tissue culture with the 

addition of 10% CAS (Williams, thesis 1991).

2.2 Antibody preparation

2.2.1 Synthesis of peptides

Peptides were synthesised by the ICRF Peptide Synthesis Unit, LIF, London. 

For Western blots rabbit antibodies were raised against the following peptides:

R 267 N-terminal sequence of mouse CD8a  KPQAPELRIFPKK

(a kind gift from C.Bron, (Brunati et. al. 1987))

T a  C-terminal sequence of the mouse CD8a  CGKPRPSEKIV

Tp C-terminal sequence of the mouse CD8P CVRRRARIHFMKQFHK

H a  Hinge region sequence of the mouse CD8a  CQPQRPEDCRPR

HP Hinge region sequence of the mouse CD8p CKQCPFPHPETQ

2.2.2 R abbit im m unisation protocol

Half lop rabbits were obtained from the ICRF animal facility. The 

immunisation protocol was as follows: rabbits were primed intramuscularly with 

approximately 150|ig of the corresponding peptide coupled to thyroglobulin in 

Complete Freunds Adjuvant (GIBCO ). Four weeks later the rabbits were immunised 

intramuscularly with 75|ig of the same peptide in Incomplete Freunds Adjuvant and
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bled 10-20ml a week later. This procedure was repeated every three weeks until the 

necessary amount of antibody was obtained, after which the rabbits were killed and 

bled.

2.2.3 Coupling antibodies to CNBr-activated sepharose

Antibodies (5mg of protein per ml of gel) were dialysed in coupling buffer 

(0.1M NaHCC>3 buffer pH9.3; 0.5M NaCl). CNBr-activated sepharose 4B (lg  per 

3.5ml final gel volume) was allowed to swell for 15 min. in lOmM HC1 (lOOml/gr of 

gel). This was done on a scinted glass filter (G3), and the gel was then washed with 

5ml of coupling buffer immediately before adding the peptide at a ratio of 1 : 2 

(gel:buffer). This mix was rotated at room temperature (RT) for 2 hours. The gel was 

let to sit, supernatant was removed and blocked with 0.2M glycine pH8 with 0.5M 

NaCl for 2 hours at RT. Washed away unadsorbed protein with: (a) 200ml coupling 

buffer, (b) 200ml acetate buffer (0.1M Na acetate; 0.1M acetic acid; 0.5M NaCl; pH4) 

; (c) 200ml coupling buffer. The coupled sepharose was washed with phosphate

buffer saline (PBS), and kept in PBS containing 0.05% Na azide at 4°C.

For peptide coupling the above procedure was done with the following changes: 

used 6mg of peptide per ml of gel and resuspended in coupling buffer (0.1M NaHCC>3 

buffer pH8.3; 0.5M NaCl).

2.2.4 Purification of rabbit anti-peptide antibodies

Rabbit serum was passed through the corresponding peptide sepharose column 

described in section 2.2.3. The specific antibody was eluted with 4M MgCl2 and 

dialysed against PBS at 4°C.
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2.2.5 P rotein  A sepharose

Protein A sepharose (PAS) CL-4B (Pharmacia, UK) was allowed to swell 30 

min. at a concentration of O.lg per ml of lysis buffer (1% NP-40, lOmM Tris pH 7.5, 

ImM EDTA pH8,0.15M NaCl, lOmg/ml BSA fraction IV) rotating at 4°C. Sepharose 

was then washed several times with lysis buffer, spining in a microcentrifuge (10,000 

xg for 30 sec.) in between washes.

2.2.6 Coupling of rabb it an ti-rat Ig to PAS

Purified rabbit anti-rat Ig (DAKO, Denmark) was added to PAS at a 

concentration of 70 |il of antibody per ml of PAS and rotated for approximately 1 hour 

at 4°C. The rabbit anti-rat sepharose was washed in lysis buffer several times and 

stored at 4°C.

Table 1: Antibodies

Nam e C lass R eference

RL 172.4 ratlgM MacDonald et .al.

(anti-CD4)

YTS191.1 rat IgG 2b Dialynas et .a l . (1983)

(L3T4, anti-CD4)

2C11
(anti-CD3e)

hamster IgG Leo et .al. (1987)

YTS 169.4 
(anti-CD8a)

rat IgG2b Cobbold et .al. (1984b)

YTS 156.7 
(anti-CD8p)

rat IgG2b Qin et .al. (1989)
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YBM89.1
(anti-human
glycophorin)

rat IgG2b Cobbold et .al. (1984a)

J1 ID rat IgM Bruce et .al. (1981)
(anti-HSA)

RA3-2C2 rat IgM Coffman et .a l. (1981)
(anti-CD45RA)

2.3 Radioactive labelling of proteins

2.3.1 Metabolic labelling of thymocytes

Thymus were teased and washed in serum free MEM-H medium, then 

resuspended at a concentration of 2 x 107 thymocytes/ml of methionine-free and 

cysteine-free medium containing 3% (v/v) dialysed FCS (dialysed against PBS with 2 

to 3 changes at RT followed by an overnight at 4°C to remove all amino acids), 1% 

glutamine, 5 x 10'5M 2-ME, and 1% HEPES. Cells were left to starve incubated at 

37°C for 1 hour. To each sample lmCi of 3^s labelled methionine/cysteine (Amersham 

Intematiorfl, UK) was added and the thymocytes incubated for 90 min. Thymocytes 

were harvested and washed twice with PBS. The cell pellet was lysed in lysis buffer 

(described in section 2.2.4) containing protease inhibitors (1|J.M leupeptin , 200|iM 

PMSF, 5mM iodoacetamide) and placed on ice for 15 min. Cell nuclei was removed 

by spinning lysates at 10,000 xg for 5min. at 4°C and supernatant transfered to a fresh 

tube.

The lysate was precleared, to remove non-specific proteins, with 50jil mouse Ig 

sepharose, 50 j l l 1 PAS, 25jil normal rabbit serum, and 25|il normal rat serum were 

added to lysate, rotated at 4°C for 1-2 hours, centrifuged (10,000 xg for 30 sec.) and 

supernatant transferred to a fresh tube. The second preclearing was done with lOOjxl
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PAS and lOOjil rabbit anti-rat sepharose added to the supernatant and rotated at 4°C for 

1-2 hours. This second step was repeated overnight at 4°C and the supernatant was 

transfered to fresh tube and stored at -70°C or contiuned with the specific 

immunoprecipitation.

2.3.2 Concanavalin A activated spleen cells

Spleens were teased and washed in serum free MEM-H medium. Cells were 

resuspend in RPMI containing 10% FCS and supjlements (described in section 2.1) at a 

concentration of 1-2 x 106 cells/ml. Con A was added to the cells at a concentration of 

5|ig/ml and incubated for 2 days. Methyl-a-D-mannopyranoside (amM, Sigma) was 

added to a final concentration of 0.5mM and incubated for 15-20 min. The number of 

blasted cells were counted and resuspended in RPMI/10%FCS as above (20M 

cells/ml). To complement kill the non CD8+ T cells the following antibodies 

supernatants were added: 1/5 vol of RL 172.4 (cytotoxic anti-CD4, rat IgM,MacDonald 

et al 1985), 1/5 vol J11D (anti-HSA), 1/500 vol RA3-2C2 (anti-CD45RA) and 

incubated for 15-20 min. 1/10 vol of low toxic M rabbit complement (Cederlane, 

Canada) was added and incubated for 1 hour. Dead cells were removed by underlaying 

with 2 ml of ficoll (Lympholyte M, Cederlane, Canada) per 5 ml of cells (>2 x 107). 

The ficoll gradient was centrifuged at 500 xg for 20 min. at RT. The live cells banded 

at the interface and the dead cells pelleted at the bottom of the tube. The live cells were 

carefully removed into a large volume of MEM-H and washed by centrifugation at 220 

xg for 10 min., then washed with same medium twice more at 220 xg for 7 min. The 

cells were recounted and resuspended at a concentration of 2  x 107 thymocytes/ml of 

methionine-free and cysteine-free medium containing 3% (v/v) dialysed FCS. 

Metabolic labelling was followed as described in section 2.3.1 for thymocytes.
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2.3.3 Surface labelling

The following method was based on Bretscher and Lutter (1993). Cells were 

resuspended in 0.1M Na2HPC>4 at a concentration of 30 x 106 cells/ml. while preparing 

the labelling mix (lmCi 125I (Amersham International, UK), 0.12M NaCl, 80mM 

sodium phosphate pH7, 14p.g/ml sulpho-SHPP (Pierce, UK) and 0.2mg/ml 

chloramine T (made fresh)). Cell were spun and resuspended in 50|il of 0.1M 

Na2HPC>4 . 80mM sodium p-OH benzoate/ 8mM Nal (final pH7) was added to the 

labelling mix and held on ice for 4 min. Cells were added to the labelling mix and left 

on ice for 20 min. and subsequently washed with PBS/10%FCS three times. Labelled 

cells were lysed and precleared as described in section 2.3.1.

2.3.4 P hosphorylation

32P-phosphate labelling was carried out by a modified version of the method 

described by Boyer et al. (1987). Concanavalin A activated spleen cells were used as 

described in section 2.3.2. 40 x 106 cells were washed 2X with E4 (phosphate free) 

medium and resuspended in same medium with 8% FCS (dialysed against 0.9% w/v 

NaCl to remove all phosphates) with the supplements described in section 2.1.1. The 

cells were incubated for 30 min. centrifuged and resuspended in 1ml medium with the 

addition of 1.5mCi 32P-phdphate (lOmCi/ml, Amersham International, UK) and 

labelled for 3 hours. Labelled cells were washed in warm phosphate-free E4 medium 

and half were resuspended in 1ml of the same medium containing 30ng/ml phorbol 12- 

myristate 13-acetate (PMA, Sigma UK) while the other half was resuspended in 

medium alone. Both samples were incubated for 20min., centrifuged and lysed in the 

lysis buffer described in section 2.2.4 containing lOOmM NaF and 0.02% sodium 

azide in addition to the protease inhibitors described in the same section. The 

preclearing steps were done as described in section 2.3.1 but only for 15min. each. 

Specific immunoprecipitation was done as described in section 2.4.
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2.3.5 Pulse chase

Thymus were teased and washed in MEM-H twice and resuspended in 

methionine-free and cysteine-free media (as described in section 2.3.1) at a 

concentration of 2 x 107 thymocytes per ml and were left to starve for 90 min. 35S 

methionine/cysteine was added at a concentration of lmCi/ml and pulsed for 5 min. 

After the 5 min. 1 ml of cell suspension was removed and that was assigned ’time O'. 

To the remaining cells 4 ml of RPMI plus supplements was added containing 75pg/ml of 

cold methionine and 270jig/ml of cold cysteine. 2 ml were removed after 5 min. (time 

10), 15 min. (time 20), 25 min. (time 30) and 85 min. (time 90). At each time points 

the 2 ml were washed 2X with PBS and lysed as described in section 2.3.1.

2.4 Specific immunoprecipitation

Lysates from 35S or 125I labelling were passed through a 0.2|i filter and each 

sample was divided into however many fractions as antibodies used for 

immunoprecipitation. The specific antibodies anti-CD8a  (YTS 169.4) or anti-CD8P 

(YTS 156), both coupled to sepharose were washed three times with lysis buffer before 

they were added (approximately 40}il) to the appropiate fractions. The labelled lysate 

plus antibody was rotated for 1-2 hours at 4°C. Another specific antibody, 2C11 (anti- 

CD3s), not coupled to sepharose, was added at a concentration of 2.5pg/ml to the 

lysate fraction; after 30 min. rotating at 4°C 40ml of PAS was added and rotated for 1 

hour more. A non specific antibody (YBM 89.1, recognising human glycophorin), 

also coupled to sepharose, was used in parallel to control for non-specific precipitation. 

After the appropiate incubations the supernatants were removed (kept at -70°C) and the 

pellets retained and washed as follows.

The pellets were washed sequentially in 1ml high salt lysis buffer (lysis buffer 

containing 0.5M NaCl); 1ml high salt lysis buffer underlayed with lOOfil of 30%
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sucrose (w/v in high salt lysis buffer); 1ml low salt lysis buffer containing 0.1% SDS 

(sodium dodecyl sulphate); 1ml of TET buffer (lOmM Tris pH7.6,5mM EDTA, 0.1% 

Triton X-100). The supernatants from the washes were discarded and the pellets were 

resuspended in sample buffer (2% SDS, 10% glycerol, 62.5mM Tris pH6 .8 , 0.01% 

bromophenol blue and 5% 2ME; for non-reducing sample buffer omit 2ME).

Protease inhibitors:

final conc. stock (lOOOXi solvent storage

PMSF 200}iM 0.2M isopropanol 4°C

leupeptin 5mM 5mM (IH2O -20°C

iodoacetamide 5mM 0.5M (IH2O -20°C

2.5 SDS/Polyacrylamide gel electrophoresis

2.5.1 S D S /P A G E

The following procedure was based on Laemmli's technique (Laemmli, 1970). 

Labelled immunoprecipitates resuspended in sample buffer were run in the following 

PAGE gels.

Gels of the required percentage were prepared according to the following :

Lower gel 1 0 % 12.5% 15%

Lower gel buffer a 7.5ml 7.5ml 7.5ml

30% acrylamide b 10ml 12.5ml 15ml

dH20 12.5ml 10ml 7.5ml
a Lower gel buffer: 1.5M Tris base, 0.4% SDS, pH8.8 adjusted with HC1 
b 30% acrylamide obtained from National Diagnostics, New Jersey, USA
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The lower gel mix was degassed for 10-15 min. before adding 100(il of 10% 

ammonium persulphate (APS) and lOjal TEMED (BioRad, UK) and gendy mixed. The 

gel was poured between two ethanol cleaned glass plates and overlayed with 2-butanol 

saturated with CIH2O. The gel was allowed to polymerise for 45 min. The butanol was 

removed and washed with CIH2O and left to dry before pouring the stacking gel.

S tacking gel 4,5%

Upper gel buffer a 2.5ml

30% acrylamide 1.5ml

dH20 6ml

10% APS 60|il

Temed lOpl

a Upper gel buffer: 0.5M Tris base, 0.4% SDS, pH6.8 adjusted with HC1

The stacking gel mix was poured onto the lower gel and the comb placed in 

position. 20-30 min. was allowed for polymerisation before the comb was removed 

and wells washed with IX running buffer (5X: 144g glycine, 5g SDS, 30g Tris base 

pH 8.3 per litre) to remove any non-polymerised acrylamide.

The samples were boiled for 3-4 min., and cooled on ice before loading onto 

the gel. 14C-labelled rainbow markers (Amersham International, UK) diluted in 

reducing sample buffer were treated as the samples. Electrophoresis was performed in 

IX running buffer at 20mA until completion. Following electrophoresis, the gel was 

fixed in 30% methanol/10% acetic acidNfor 30 min. RT followed by a 30 min. wash 

with CIH2O and an enhancement step for a further 30 min. (1M sodium salicylate/3% 

glycerol). The gel was dried using a Biorad gel dryer (model 583) for 2 hours at 80°C 

and subsequently autoradiographed against pre-flashed film (Fuji, RX-NIF) with 

intensifying screens at -70°C.
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2.5 .2  Off diagonal gels

For off diagonal gels samples were resuspended in non-reducing sample buffer 

and run in a 12.5% /0.75mm SDS/PAGE as described in section 2.4.1. Following 

electrophoresis the gel strips corresponding to each sample were cut and incubated in 

reducing sample buffer for 30 min. The second dimension was acomplished by 

"glueing" the strips onto a second 12.5%/lmm SDS/PAGE with upper gel buffer 

containing 1% agarose. Electrophoresis was performed at 50mA to get the dye onto the 

stacking gel and subsequently at 20 mA until completion. The gel was fixed, enhanced 

and dried as described in section 2.5.1.

2.5.3 Peptide mapping

This method was based on the work described by Cleveland (1983). 

Immunoprecipitates were run on a 12.5% reducing gel and soaked for 15 min. in (IH2O 

before drying. Autoradiographs were done as described in section 2.5.1 and the bands 

corresponding to the labelled precipitated molecules (CD8a , a ’, p, p29 and p26) cut 

and placed into wells of a second 12.5%/lmm SDS/PAGE and overlayed with 30|il of 

Cleveland's buffer (62.5mM Tris pH6 .8 , 50mM DTT, 10% glycerol, 0.2% SDS) 

containing one of the two enzymes used: Staphylococcal V8 protease (20pg/ml) and 

papain (100|!g/ml) both added into the Cleveland's buffer. Gel pieces were left 

soaking in the wells for 15 min. and electrophoresis was performed in IX running 

buffer at 50 mA until the dye reached the stacking gel. Electrophoresis was stopped for 

30 min. and subsequently restarted at 20 mA until completion. The gel was fixed, 

enhanced and autoradiographed as described in section 2.5.1.
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2.5.4 NEPHGE

Gel solution (9.2M urea, 2% NP40, 4% acrylamide, 1.6% pH3.5-10 and 0.4% 

pH7-9 ampholines, 10% APS, 1.4|il/ml soln Tem ed) was loaded on thin glass tubes 

and overlayed with 8M urea. Samples used were thymocytes immunoprecipitated as 

described in section 2.4 and resuspended in 10 |il of 2D sample buffer (9.5M urea, 8% 

NP40, 5% 2ME, 1.6% pH3.5-10 and 0.4% pH7-9 ampholines) with 2 îl of PI 

markers (Bio Rad) and incubated for 3 min. at 65°C. Samples were loaded on the 

glass tubes and overlayed with 10 }il of sample overlay ( 9M urea, 0.8% pH 3.5-10 

and 0.2% pH 7-9 ampholines). Two running buffers were used: top buffer (580}il of 

85% H 3PO4 in 500 ml), and bottom buffer (8 ml of 10M NaOH in 4 It). After gel 

tubes were run at 550V with reverse polarity for 5 hours, they were placed at -20°C for 

15-20 min.

For the second dimension the gels were removed from the glass tubes and 

incubated in sample buffer (described in section 2.4 ) for 15-20 min. The gels were 

placed on a second 12.5% gel and run fast (40-50mA/gel) until the dye reached the 

stacking upper gel. This procedure was done as described in section 2.5.1.

2.6 Western blotting

Non-radioactive thymocytes were lysed and immunoprecipitated as described 

and run on a 12.5% SDS/PAGE. The gel was soaked in IX blotting buffer a and 

blotted onto nitrocellulose membrane (Schleicher & Schuell) using the following order: 

facing negative electrode; 3MM Whatman paper, gel, nitrocellulose membrane, 3MM 

Whatman paper, facing positive electrode. Pieces of 3MM paper and nitrocellulose 

were cut to the same size as the gel. The transfer was performed in IX blotting buffer3
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at 250 mA for 12-16 hours.

a blotting buffer (310: 300 ml of 10X blot buffer (30g Tris base, 144g glycine per litre)
600 ml methanol 
2 1 0 0 m lH 20

The membrane was soaked in PBS for 30 min. followed by blocking buffer (2- 

4% dry fat-free milk, 0.05-0.5% Tween-20 in PBS) for 24 hours at RT. The specific 

antibodies used for Western blotting were described in section 2.2.1 and diluted as 

indicated in blocking buffer. The membrane was rotated with the appropiate antibody 

at RT for 4-5 hours followed by extensive washing in PBS/0.05-0.5% Tween-20 at 

RT. The second layer antibody used was a swine anti-rabbit peroxidase conjugated 

(DAKO, Sweden) diluted 1/1000 in blocking buffer followed by same washes as 

described above. The developing step was done with the ECL kit (enhanced 

chemiluminescence, Amersham International, UK) accomplished by mixing equal 

volumes of solution 1 and 2 immediately before the membrane was left soaking for 30 

seconds. The membrane was then wrapped in Saran wrap, taking care no bubbles 

were formed. The membrane was exposed to film (Fuji RX-NIF) for 5-30 seconds.

2.7 Protein elution from gel slice

Proteins were eluted from dried gel slices as previously described by Alarcon et 

al. (1988). Dried gel slices were cut after autoradiography to determine their exact 

location on the gel, and eluted at 37°C in 1ml of elution buffer (lOOmM NH4HCO3 , 

0.1% SDS, ImM PMSF, lOmM iodoacetamide and 5 mM leupeptin, 50mg/ml BSA) 

for 16 hours. Supernatant were extracted after spinning at 13,000 rpm for 20 min. and 

precipitated with equal volume of cold 25% trichloroacetic acid for 45 min. at 4°C. 

The pellets were washed 2X with 1ml of cold acetone and air dried.
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2.8 Treatments

2.8.1 Removal of N-linked sugars

Proteins recovered from gel slices were re suspended in the appropiate buffer. 

For endo-p-N-acetylglucosaminidase F (endo F, New England Nuclear, UK) air dried 

pellets were resuspended in 60 pi of 0.1M Tris/HCl pH6 .8 , lOmM EDTA, 0.5% SDS, 

1% 2ME. After boiling for 3 min. 6  pi of 10% NP40, 300pM PMSF, 700pM 

iodoacetamide were added. Half of the sample was treated with 1.3U of endo F for 16 

hours at 37°C; the other half was left untreated as a control. For endo-P- 

acetylglycosaminidase H (endo H, Genzyme, UK) pellets were resuspended in lOOpl 

of 0.15M sodium citrate pH5.5, 0.25% SDS, ImM PMSF, lOmM iodoacetamide, 

20pM leupeptin and boiled for 3 min.. Half of the sample was treated with 160 mU 

endo H for 16 hours at 37°C. After treatment 5 pi of 50% glycerol, 10% SDS and 

40% 2ME was added and samples boiled for 3 minutes. Proteins were resolved on a 

12.5% SDS-PAGE, fixed, enhanced and dried as described in section 2.5.1.

2.8.2 Removal of O-linked sugars

Lysed cells,at a concentration of lOOM/ml, were immunoprecipitated with 

YTS 169.4 (anti-CD 8 a )  antibody and treated with 8 mU of Vibrio cholera 

neuraminidase (Calbiochem, California, USA) for 1 hour in phosphate buffer (15mM 

sodium phosphate, 0.3% SDS, 15mM 2ME, and 2% Triton X-100). 4 mU of O- 

Glycanase (Genzyme, UK) was added and incubated overnight at 37°C. Samples were 

run on a 12.5% SDS-PAGE and a western blot was performed as described in section 

2 .6 .
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2.8.3 Removal of sialic acid

Immunoprecipitates from 125I labelled cells were treated with 50mU of 

Arthobacter ureafaciens sialidase (Nacalai Tesque, Kyoto, Japan, the kind gift of S. 

Sato, NIMR, UK) while immunoprecipitates from unlabelled thymocytes for Western 

blotting were treated with 8mU ofVibrio cholera neuraminidase (Calbiochem, 

California, USA) in 50|il of 150mM sodium acetate buffer pH 5 at 37°C for 12-16 

hours.

2.8.4 Tunicamycin treatment of T cells

Spleen cells were activated with Con A as described in section 2.3.2 above and 

incubated in Tunicamycin (Boehringer Mannheim) at a concentration ranging from 5 - 

0.05}ig/ml for 12-24 hrs at 37°C.

2.8.5 ATP treatment of precipitates

Thymocytes were labelled with 35S, lysed and precipitated with YTS 169.4 

sepharose as described in details in section 2.4. One half of the precipitate was 

incubated with 5mM ATP at 4°C for 1 hour while the other half was left untreated. 

Subsequently the samples were washed and run in an SDS-PAGE as described in 

section 2.5.1.

2.9 Brefeldin A treatment of thymocytes

Thymocytes were metabolically labelled as described in section 2.3.1 and 

treated with 7|ig of Brefeldin A (kind gift from Sandoz Pharmaceuticals, Switzerland) 

while cells were incubated in methionine and cysteine-free media for 1 hour and 

metabolically labelled as described in section 2.3.1. Cell lysis, immunoprecipitation,
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and two-dimensional gels were done as described in sections 2.3.1, 2.4, and 2.5.2 

respectively.

2.10 Activation of TcR transgenic mice

F5 TcR transgenic mice were a kind gift from D. Kioussis, NIMR, UK. T cell 

activation was carried out by an intra-peritoneal injection of 56 |ig of influenza nuclear 

protein, a synthetic peptide (aa: 366-374) from the 1968 flu strain. Spleen cells were 

removed 24 hours later and enriched for T cells by killing with 0.25% anti-HSA 

antibody plus rabbit complement (Cederlane) at 37°C for 1 hour followed by removal 

of dead cells over ficoll (Cederlane). The enriched spleen T cells were surfaced labelled 

with 125j SHPP as described in section 2.3.3 and run in off diagonal gels as described 

in section 2.5.2. Measured cpm by cutting the pieces of gel corresponding to CD8a, p 

and P’ and counted in a LKB 1282 Compugamma CS.

2.11 Immunofluorescent staining for FACS analysis

Cells were harvested, washed once with PBS and counted (>1 x 106 

cells/sample). Cells were resuspended in lOOpl of a saturating concentration of 

antibody (100pg/ml) diluted in PBS/0.5% BSA/0.05% azide (filtered through a 0.2|i) 

and kept on ice for 45 min. Samples were washed with 4ml cold PBS and centrifuged 

at 250 xg at 4°C for 7min. Cells were resuspended in 100ml of the second layer 

antibody (diluted at the appropriate concentration determined by titration) and incubated 

30 min. on ice; propidium iodide (0.5|ig/ml) was added 5 min. before the second wash 

with cold PBS. The cell pellet was resuspended in 200-400jil filtered PBS/0.5% 

BSA/0.05% azide and analysed on a Becton Dickinson FACScan machine fitted with a 

488nm argon laser. Dead cells were excluded from the analysis using low angle light 

scatter and propidium iodide staining.
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When using directly conjugated-FITC or PE antibodies (all at a 1/100 dilution) 

the propidium iodide was added 5min. before the first wash and the samples analysed.

2.12 Thymocyte sorting

Thymocytes from CB A mice were surfaced stained with three antibodies: anti- 

CD3e antibody (2C11) coupled to FITC, CD4 (anti-mouse L3T4 PE, Becton 

Dickinson) and CD8 (YTS169 biotin with streptavidin-PE/TXRD, Southern 

Biotechnology). Using a Becton Dickinson FACStar plus machine CD4+/CD8+ 

thymocytes were sorted acording to the levels of CD3 they were expressing on their cell 

surface.

The mature CD8 single positive (CD3+/CD8+/CD4-) population was obtained 

by complement killing with anti-HSA antibody (J11D) and anti-CD4 antibody 

(RL172.4). Thymocytes were resuspended in MEM at a concentration of 50 x 106 

cells/ml and the antibody supernatants were used at a concentration of 1:5 and left on 

ice for 45 min. Complement (rabbit Low-tox complement, Cederlane) was added at a 

concentration of 1:10 and incubated for 1 hour at 37°C followed by removal of dead 

cells over ficoll (Cederlane). Surface staining was carried out to check the killing and 

the population was 66% CD3+/CD8+. Any contamination with CD3+/CD4+ cells 

would not have interfered with the assay as the cells were subsequently precipitated 

with an anti-CD8 antibody. Cells obtained from sorting were labelled with 35S 

Meth/Cys, as described insection 2.3.1. The same procedure was used to obtain the 

CD8 single positive (CD3+/CD8+/CD4-) population (78% CD3+/CD8+) and surface 

labelled with 125I as described in section 2.3.3. Both sefcof labelled thymocytes (35S 

and 125I) were precipitated, and run on a SDS-PAGE as described in sections 2.4 and

2.5.1 respectively.
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CHAPTER THREE

IDENTIFICATION AND CHARACTERISATION OF TWO  

MOLECULES ASSOCIATED WITH THE CD8 COMPLEX

3.1 Introduction

Murine CD8 was initially described as the Lyt-2 and Lyt-3 antigens, using 

mouse alloantisera (Boyse et al., 1971; Boyse et al., 1968). These antigens exhibited 

similar tissue distribution, they were expressed on thymocytes and on cytotoxic and 

suppressor T cells (Cantor & Boyse, 1975; Cantor & Boyse, 1977; Ledbetter et al.,

1980). Genetic analysis showed that the Lyt-2 and Lyt-3 antigens were encoded by 

separate genes mapping to chromosome 6 , closely linked to the Ig K light chain locus 

(Gottlieb, 1974; Ikatura et al., 1972). Two different alleles of each locus were 

described: Lyt-2.1, Lyt-2.2, Lyt-3.1 and Lyt-3.2.

Immunoprecipitates from surfaced labelled thymocytes, using either antisera 

specific to the Lyt-2 or Lyt-3 antigens, showed similar patterns when resolved by gel 

electrophoresis (SDS-PAGE) (Durda & Gottlieb, 1976). The pattern, in a reducing 

SDS-PAGE after immunoprecipitation, showed three bands: two more intense higher 

molecular weight bands (32-38kD) and a smaller less radioactive band (30kD). At this 

time it was unknown what the relationship was between these three chains. Sequential 

precipitation of 125I labelled thymocyte lysates, under reducing conditions, with anti- 

Lyt-2 and anti-Lyt-3 antibodies followed by SDS-PAGE, demonstrated that the Lyt-2 

and Lyt-3 determinants resided on different molecular species and because they co- 

immunoprecipitated an association between the two species was clear (Durda & 

Gottlieb, 1978).

It was subsequently demonstrated, by comparing reducing to non-reducing 

polyacrylamide gels, that the Lyt-2 and Lyt-3 antigens were associated through 

disulphide bonds. Two-dimensional gel electrophoresis provided additional
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information about the Lyt-2/Lyt-3 subunit composition. It was shown that the Lyt-2 

and Lyt-3 antigens formed dimers and multimers on the cell surface. Mildly reducing 

the Lyt-2/Lyt-3 complex and alkylating before immunoprecipitation with monoclonal 

anti-Lyt-2 and Lyt-3 showed that the lower molecular species was specifically 

precipitated with an anti-Lyt-3 antibody while the other two higher bands were 

precipitated with anti-Lyt-2 antibodies (Ledbetter & Seaman, 1982; Ledbetter et al.,

1981). The molecule carrying the Lyt-3 determinant was shown to be a single 

polypeptide named the CD8p chain while the two molecules carrying the Lyt-2 

determinant were called the CD8a  and a ' chains.

The close relationship between CD8a  and a ' was also suggested by studies 

using peptide proteolysis mapping which revealed peptides in common between these 

two chains (Luescher et al., 1984; Walker et al.y 1984b). Nevertheless, it was not until 

the gene encoding CD8a  had been isolated and SI nuclease mapping studies were 

carried out that CD8a  and a ' were confirmed as alternative spliced products of the 

same gene differing only in the length of the cytoplasmic tail (Zamoyska et al., 1985). 

The structure of the Lyt-2 gene together with the CD8a  protein domains are shown 

schematically in figure 3.1. The Lyt-2 gene is composed of five exons and four introns 

occupying approximately 4.4 kilobases of chromosome 6 . The CD8 protein can be 

separated into several distinct domains: the external domain, hinge region, 

transmembrane portion and cytoplasmic tail. Each of these protein domains is not 

encoded by a separate exon of the Lyt-2 gene. As indicated in figure 3.1, exon I (148 

amino acids) encodes for the leader peptide as well as the external domain and the first 

portion of the hinge region. Exon II (34 amino acids) encodes for another segment of 

the hinge region while the rest is encoded by exon III (36 amino acids) together with 

the full transmembrane segment and the first amino acid of the cytoplasmic tail. The 

remainder of the cytoplasmic tail is encoded by exon IV (10 amino acids) and exon V 

(15 amino acids) (Liaw et al., 1986). Lyt-2 and Lyt-3 are both members of the Ig gene 

superfamily, but otherwise share no strong homology, either at the DNA or protein
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level. In spite of this they do share similar structural characteristics: an amino-terminal 

V-like region, a proline-rich domain proximal to the membrane (longer in Lyt-2 

compared to Lyt-3) and an overall basic charged cytoplasmic tail (Gorman et al., 1988).

In addition to the previously documented murine CD8a , a ' and p polypeptides, 

Zamoyska and Pames described a protein composed of 3-4 tightly packed bands with 

an average molecular weight of 29kD which co-precipitated with the CD8 complex 

(Zamoyska & Pames, 1988). While investigating this 29kD protein I further observed 

a molecule of 26kD precipitating with CD8 specific antibodies. The aim of this study 

was to identify and characterise both of these novel species.

3.2 Precipitation with CD8a and P specific antibodies

3.2.1 Identification of two polypeptides which co-precipitate with the

CD8 complex in im m ature T cells

SDS-PAGE analysis of immunoprecipitates from lysates of metabolically 

labelled thymocytes, precipitated with YTS 169.4 (an antibody specific for the CD8a  

chain), shows CD8a  (~39kD), a ' (~35kD) and p (~31kD) together with a 26kD band 

and a set of 3-4 closely packed bands with an average molecular weight of 29kD as 

shown in Figure 3.2A, lane a (indicated by arrows). While the 29kD species (p29) 

was previously documented as a novel polypeptide co-precipitating with the CD8 

complex (Zamoyska & Pames, 1988), at that time the 26kD band (p26) was thought to 

be Ig light chain from B cells contaminating the spleen or thymus preparations. As 

rabbit anti-rat Ig-coupled protein A sepharose was used as a second layer antibody to 

immunoprecipitate the anti-CD8 antibody-CD8 complex in these studies, it was 

possible that mouse immunoglobulin could be co-precipitated. In order to exclude the 

possibility of the 26kD molecule being mistaken with the Ig light chain I precipitated 

CD8 using anti-CD8 antibodies directly conjugated to sepharose (which I used
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throughout the study presented in this thesis) and found the additional polypeptides 

were still visible.

Furthermore, I found that the 26kD and the 29kD species were present in 

several in vitro maintained thymoma cell lines which were shown to be Ig-negative, 

further excluding the possibility that the 26kD protein was Ig light chain. One such 

thymoma line, VL3.1 (figure 3.3), was labelled with 35S meth/cys, precipitated with 

YTS 169.4 sepharose and run in a SDS-PAGE under reducing conditions. 

Unfortunately this in vitro cell line kept giving very high backgrounds when 

metabolically labelled, making it difficult to recognise the specific bands in a one 

dimension gel. For this reason the precipitate was run on an "off-diagonal" two- 

dimensional gel: non-reduced in the first dimension, after which the gel piece was cut 

and pasted in a second gel and run under reducing conditions in the second dimension. 

As the majority of cellular proteins are not disulphide bonded almost all of the non

specific background bands fall on the diagonal. The 26kD protein in addition to the 

CD8a , a ' and p chains was detected below the diagonal indicating that p26 was 

disulphide linked to the CD8 complex, confirming that it was specifically associated 

with CD8 .

To investigate whether the 26 and 29kD proteins were only seen after 

precipitation with a particular antibody I also used an anti-CD8p specific antibody, 

YTS 156.7 (Qin et al., 1989). After thymocytes were metabolically labelled and lysed, 

YTS 156.7- and YTS169.4-coupled sepharose beads were used to immunoprecipitate 

CD8 and the molecules associated with the complex. As shown in figure 3.4 both 

antibodies not only precipitated CD8a , a ' and p but also precipitated p26 and p29, 

again indicating that these two species were associated specifically with the CD8 

complex.

As all the above studies were done with metabolically labelled cells I tested 

whether these additional polypeptides were able to find their way to the cell surface by
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labelling intact thymocytes with i25I. As the CD8 p chain had been found to label 

poorly with using lactoperoxidase-catalysed iodination of tyrosine residues 

(Ledbetter & Herzenberg, 1979; Liischer et al., 1985; Zamoyska & Pames, 1988) I 

used the cross-linker 125i_suipho-SHPP to label thymocytes on lysine residues 

(Bretscher & Lutter, 1988). This method efficiently labelled CD8a ,  a ’ and p 

polypeptides together with p29 (figure 3.2B, lane a). However, p26 was not detected 

on the cell surface using either the sulpho-SHPP label (figure 3.2B, lane a) or 

lactoperoxidase label (Zamoyska & Pames, 1988).

3.2.2 The 26kD and 29kD molecules identified in immature T cells co

precipitate with CD8 from mature T cells

CD8 is involved in both positive and negative selection events in developing 

thymocytes, and in activation of mature T cells in the periphery. If the 29kD and 26kD 

polypeptides were related to a specific aspect of CD8 function, they may only be 

expressed at particular times in T cell development. In order to address this I 

investigated whether these polypeptides were expressed in metabolically labelled and 

sulpho-SHPP iodinated Con A-activated spleen cells. As shown in figure 3.5A lane a, 

lysates precipitated with YTS 169.4 from 35S meth/cys labelled spleen cells showed, in 

addition to the CD8a , a ' and p, the two proteins of 26kD and 29kD molecular weight 

which were observed in the 35S labelled thymocytes (figure 3.2A lane a). As only the 

29kD protein was found on the cell surface of thymocytes whilst the 26kD was not 

(figure 3.2B lane a), I decided to examine whether the same was true for spleen cells. 

SDS-PAGE of iodinated spleen cells showed the CD8a  chain, no CD8 a ' chain 

(mature T cells do not express the a ' chain, discussed in chapter 5), the (3 chain and the 

29kD molecule (figure 3.5B lane a). These data suggested that the 26kD and 29kD 

proteins associated with the CD8 complex were not differentially expressed during 

development as mature T cells together with immature T cells presented the same 

pattern of expression.
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3.3 The 29kD protein is a product o f the CD8p gene.

In order to determine whether these two CD8 associated proteins, p29 and p26, 

were breakdown products or related to the CD8a  or (3 polypeptides I performed 

western blots with a panel of rabbit antibodies raised against synthetic peptides 

corresponding to the N- and C-termini of CD8a , the C-terminus of CD8 p and the 

hinge regions of CD8a  and p. These antibodies were tested in Western blots and the 

findings shown in figure 3.6.

Thymocytes were lysed and precipitated with anti-CD8a  antibody (YTS 169.4), 

run on SDS-PAGE and transferred onto nitrocellulose. The Western transfers were 

blotted with the following anti-rabbit antibodies: the rabbit antibody, Toe, generated 

against the CD8a  C-terminus, recognised only the CD8a  polypeptide (figure 3.6, lane 

A). In contrast, the rabbit antiserum R267 generated against the CD8a  N-terminal 

sequence, recognised CD8a  and a 1 polypeptides (figure 3.6, lane B). These results 

were as expected given that the CD8a ’ chain lacks the cytoplasmic domain (Zamoyska 

et al., 1985). Neither p29 nor p26 were detected by these antisera suggesting they 

were distinct from the CD8a  protein.

Analysis with anti-CD8p antibody demonstrated that p29 and CD8 p were 

related. As shown in figure 3.6 lane C, Tp, a rabbit antibody raised against the C- 

terminal sequence of the CD8p chain, recognised both p and p29. In view of this 

relationship and other data to be shown below, the complex composed of 3-4 tightly 

packed bands with an average molecular weight of 29kD will be referred to 

subsequently as CD8P'.

Antisera H a  and Hp, raised against the hinge regions of CD8a  and P 

respectively, were used several times in Western blots but no bands corresponding to 

CD8a  or p chains were detected. This suggested that H a  and Hp antibodies were not 

able to recognise the hinge regions of either CD8a  and p perhaps because these regions 

were modified by sugars or that these sites were not accessible hence making them
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unrecognisable by the anti-hinge antibodies raised against synthetic peptides (this will 

be addressed in more depth in chapter 4). No band corresponding to p26 was detected 

with any of the antisera tested, suggesting it was a unique polypeptide unrelated to 

either CD8a  or p chains.

3.4 Peptide mapping confirms that p26 is unrelated to CD8 

cc, a 1, P and P' molecules

To further examine the relationship between CD8a ,  a ',  p, p' and p26 I 

performed limited peptide proteolysis mapping. Bands from metabolically labelled 

thymocytes corresponding to a ,  a ',  P, P' and p26 were excised from dried 

polyacrylamide gels, treated with papain (figure 3.7) or with Staphyloccocus aureus V8 

(figure 3.8) and re-run on a 15% SDS-PAGE under reducing conditions.

The peptide fingerprints, after digestion with papain are shown as an 

autoradiograph in figure 3.7A. In order to get a quantitative assessment, the gel was 

also analysed with a Phosphorlmager which counts p emitters using a special plate 

upon which the gel was exposed for 3 days. For this analysis, using ImageQuant 

software, a grid corresponding to the width of the lane, was overlayed on the area and 

divided into 35 equal slots. Quantitative measurements of the density (of p emitters) 

versus migration of each area was expressed graphically (figures 3.7 B, C, and D).

CD 8 a  and a ' showed overlapping peptide profiles as predicted for two 

molecules that share the same external and transmembrane domains (Figure 3.7B). 

Comparison of CD8 p and P' peptide maps (figure 3.7C) showed a major peak in 

common and an overlap of a secondary peak (to the left of the main peak). The 

secondary peak was monophasic for CD8 p' but biphasic for CD8 p. This doublet 

might have appeared as a single peak for CD8p' due to variations in labelling intensity 

of the samples as can be seen from the autoradiograph (figure 3.7A lanes 3 vs 4). In
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order to facilitate comparison of the graphs in figure 3.7C, values for CD8p were 

multiplied by 2.5 to equilibrate the peak sizes with CD8(3' as the fV band was labelled 

much more intensely. In contrast to the overlaps seen in figure 3.7 B and C, 

comparing the profiles for CD8a , CD8p and p26 (figure 3.7D) showed no peaks in 

common between p26 and the other two molecules.

Further mapping studies using Staphlococcus aureus V8 protease (figure 3.8) 

showed similar results to the papain peptide maps. Peptide fingerprints represented in 

figure 3.8 lanes 1 and 2 showed 3 fragments in common between CD8a  and a ' and 

several specific fragments for each chain, as expected for two closely related molecules. 

Limited digestion of CD8p and p' (fig. 3.8 lanes 3 and 4) showed: on the one hand 

two peptide fragments in common, confirming a relationship between these two 

polypeptides suggested by the Western blot data (fig.3.6 lane C); on the other hand the 

P chain contained three distinct fragments not present in the P' digest, suggesting that 

the 29kD polypeptide was related but not identical to CD8p. In contrast, according to 

both peptide proteolysis mapping (papain and S. aureus) the 26kD molecule appears 

not to be related to CD8a , a ', p or P' molecules.

3.5 Different populations in the thymus express both P* and

p 2 6

The CD8 antigen is first detected on the surface of thymocytes in an 

intermediate immature CD8 single positive population. This intermediate population is 

thought to be the transition from double negative thymocytes which then progress to the 

double positive stage by expressing CD8 first, giving rise to the immature single 

positive CD8 (CD3'/CD4VCD8+) population (Paterson & Williams, 1987). Although 

these early CD8+ cells are precursors of the double positive population there is no clear 

evidence that they have any preference for subsequent CD4+ or CD8+ lineages (Guidos 

et al., 1989). Given this developmental progression of CD8 expression in the thymus,
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I was interested to determine how early in T cell development the CD8P' and p26 

polypeptides were synthesised and expressed on the cell surface. To do this, 

thymocyte subpopulations were isolated, labelled and analysed for expression of the 

CD8 subunits together with the fV and p26 polypeptides.

As the immature CD8 single positive population represents a very small 

percentage of the total thymus, the earliest thymic T cell population from which 

sufficient cells were able to be sorted to give a good label were the CD3'/CD4+/CD8+ 

thymocytes. Thymocytes were stained with antibodies and the following populations 

isolated: 1) CD3* (figure 3.9A, gate 1) CD4+/CD8+ (figure 3.9B, region 1); 2) CD3du11 

(figure 3.9A, gate 2) CD4+/CD8+ (figure 3.9C, region 2); 3) CD3+/CD4-/CD8+ (figure 

3.9D). Of these three populations the first two were sorted by FACS, while the third 

was obtained by antibody mediated complement killing techniques after which the 

purity of the remaining population was analysed by antibody staining. When these 

three populations were metabolically labelled, I found that CD8 p' and p26 were co- 

immunoprecipitated with the CD8 complex in both double positive, CD3' and CD3du11 

populations as well as in the mature CD8 single positive population in the thymus 

(figure 3.11, panel A).

In order to determine when in development (3* and p26 are expressed on the cell 

surface, different thymic populations were obtained and surface 125I labelled. 

Thymocytes were stained with antibodies and the following populations isolated as 

described above: 1) CD3' (figure 3.10A, gate 1) CD4+/CD8+ (figure 3.10B, region 1); 

2) CD3+/CD4YCD8+ (figure 3.IOC). In both these populations the p' polypeptide was 

immunoprecipitated in association with the CD8 subunits. Not surprisingly p26 was 

not expressed in either the immature (CD3'/CD8+) or the mature (CD3+/C D 8+) 

population as 125I surface labelling of total thymus showed no surface expression of 

p26. Together these findings suggest that synthesis and surface expression of the pf 

and p26 proteins are observed as early as the CD3' double positive thymic 

developmental stage.
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3.6 Discussion

Two molecules, of 26kD and 29kD molecular weight, have been found 

associated with the murine CD8 complex. Initial characterisation, described in this 

chapter, suggested that the 29kD molecular weight polypeptide is another form of the 

CD8p chain, which I named p', and that the 26kD molecular weight species is a novel 

protein unrelated to the a, a ' or p chains.

Previous studies have so far failed to find a role for the CD8p polypeptide. 

CD8 function has been correlated with expression of the a  chain (Letoumeur et al., 

1990; Zamoyska et al., 1989). In transfection experiments no benefit was apparent if 

CD8p chains were super-transfected into cells expressing either CD8a or tailless 

CD8a' polypeptides (Blanc et al., 1988). In addition, the CD8P chain is unable to be 

transported to the cell surface in the absence of a  (Blanc et al., 1988; Gorman et al., 

1988) while there is a strong preference for the expression of disulphide-linked ap  

heterodimers in normal T cells (Walker et al., 1984b; Zamoyska & Pames, 1988). 

Despite this, CD8a can form di-sulphide bonded homodimers, detected intracellularly, 

which are readily expressed on the surface of transfected cells in the absence of p 

(Tagawa et al., 1986; Zamoyska et al., 1985). These a a  homodimers have been found 

on the surface of TcR y5 T cells (MacDonald et al., 1990) and intraepithelial 

lymphocytes in the gut (Parrott et al., 1983). Recent findings have suggested that 

mouse T cell hybridomas co-transfected with an a  and p expression vectors produced 

significantly more IL-2 compared to a  transfectants in response to stimuli (Wheeler et 

al., 1992). Although these recent data suggest that the p chain might play some 

functional role, CD8 functions have been primarily correlated with the a  chain and 

moreover, it has been previously shown that CD8a binds the T cell specific protein 

tyrosine kinase, p56lck, while the p chain does not (Zamoyska et al., 1989). These 

observations are consistent with the identification of a cysteine-rich motif in the 

cytoplasmic tail of the CD8a chain, but not of the p chain, as the important sequence 

involved in CD8:p56lck interactions (Shaw et al., 1990; Turner et al., 1990).
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Altogether these data still do not bring to light the role CD8P has in the known 

functions of CD8a.

The nature of the CD8P chain on the cell surface had not previously been 

examined in great detail, largely because the polypeptide does not label well with 125I 

using standard techniques of iodination on tyrosine residues. The poor iodination of 

the (3 chain is one explanation why the existence of this molecule was completely 

overlooked on human T cells for many years. Human CD8 was believed to be 

expressed as homodimers and multimers of the a  chain (Snow & Terhorst, 1983) and 

as heterodimers with T6 on thymocytes (Ledbetter et al., 1985a; Snow et al., 1985). 

However, identification of a human homologue of the Lyt-3 gene (Johnson & 

Williams, 1986) and the presence on the cell surface of a protein recognised by specific 

antibodies (DiSanto et a l, 1988; Norment & Littman, 1988; Shiue et a l, 1988) showed 

that a second distinct molecule exists, which was called CD8p.

In addition to the CD8 (3 chain, an extra complex of 3-4 tightly spaced bands 

with an average molecular weight of 29kD was found on metabolically-labelled 

immunoprecipitates from activated peripheral T cells and thymus (Zamoyska & Pames, 

1988). Using the 125I-SHPP labelling system, which labels on lysines, I showed that 

this extra species was present in large quantities on the surface of different populations 

in the thymus and activated spleen cells. Western blotting and peptide mapping studies, 

carried out with two different enzymes, identified the 29kD species as an alternative 

form of CD8p, which I referred to subsequently as CD8P'.

The second molecule, of 26kD molecular weight, characterised in this study 

was a novel polypeptide associated with the CD8 complex in metabolically-labelled 

thymocytes and Con A-activated peripheral T cells. Although the identity of p26 is 

unknown, I demonstrated by western blot analysis, and peptide mapping that it is 

unrelated to either CD8a  or P polypeptides. p26 was not detected on the cell surface of 

either thymocytes or spleen cells, when using the lactoperoxidase-catalysed iodination
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method (Zamoyska & Pames, 1988), and I have also analysed it using the cross-linker 

sulpho-SHPP. Neither of these iodination methods were able to show p26 on the 

surface of either immature or mature T cells.

CD8 surface expression changes between immature stages of development in 

the thymus to the mature stage shortly before exit to the periphery. Both fV and p26 are 

present in mature CD8+ cells and in both the double positive and CD8 single positive 

populations in the thymus. As there are no specific antibodies for either of these 

molecules it is difficult to analyse their presence in the absence of the CD8 complex. 

Nevertheless, these findings suggest that in all the populations studied where CD8 was 

present so were the P' and p26 polypeptides.
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FIGURE 3.1

Schematic diagram of the CD 8a molecule

The five exons labelled I, II, HI, IV, and V are shown encoding the different 

structures of the CD8a  molecule: external domain, E; hinge region, H; transmembrane 

segment, TM; cytoplasmic tail, C.
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FIGURE 3.2

Identification o f  two polypeptides associated with the CD8 complex in 

immature T cells

Thymocytes were labelled with 35S-met/cys for 90 min. (Panel A) or 125I- 

SHPP (Panel B), lysed and precipitated with anti-CD8a  mAb, YTS 169.4 (lane a), or 

isotype-matched control mAb, YBM89.1 (lane b). Precipitates were run under 

reducing conditions on a 12.5% SDS-PAGE. Molecular weight markers and individual 

polypeptide chains are indicated.

66



A
a

►

a -► •
a V *

P
p29*> •
p26 -►

B
a b

-46

i -30

-2 1



FIGURE 3.3

p26 is expressed in a thymoma cell line, VL3.1

VL3.1 cells were labelled with 35S-met/cys for 90 min. lysed and precipitated 

with anti-CD8a  mAb (YTS 169.4) and run in SDS-PAGE. The first dimension was 

run on a 12.5% gel under non-reducing conditions (NR), the gel corresponding to a 

single lane was cut and pasted on a second 12.5% gel and ran reduced in the second 

dimension (R). The positions of the individual polypeptides are indicated.
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FIGURE 3.4

A n ti-C D 8 a  and anti-C D 8p antibodies precipitate the 26kD and 29kD  

p ro te in s .

Thymocytes were labelled with 35S-met/cys for 90 min. lysed and precipitated 

with anti-CD8a  mAb, YTS 169.4 (lane 1); anti-CD8 P mAb, YTS156 (lane 2), and 

isotype-matched control mAb, YBM89.1 (lane 3). Precipitates were run under 

reducing conditions on a 12.5% SDS-PAGE. Molecular weight markers and individual 

polypeptide chains are indicated.
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FIGURE 3.5

Identification o f  the 26kD and 29kD polypeptides associated with the 

CDS complex in mature T cells

Spleen cells were activated, at a concentration of 1-2 x 106 cells/ml, with Con-A 

(5 mg/ml) for 48 hrs. The cells were labelled with 35s-met/cys (Panel A) and 125I- 

SHPP (Panel B), lysed and precipitated with anti-CD8a  mAb, YTS 169.4 (lane a), or 

isotype-matched control mAb, YBM89.1 (lane b). Precipitates were run under 

reducing conditions on a 12.5% SDS-PAGE. Individual polypeptide chains are 

indicated with arrows.
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FIGURE 3.6

The 29kD polypeptide is recognised by anti-CD8f$ an tibodies.

Anti-CD8 immunoprecipitates (108 thymocytes/lane) were run on 12.5% SDS- 

PAGE under reducing conditions, blotted onto nitrocellulose membrane and visualised 

with the ECL detection system. Individual lanes were probed with rabbit antisera 

raised to peptides of the following specificities: N-terminus of CD8a , T a  ( lane A); C- 

terminus of CD8a , R267 (lane B); C-terminus of CD8p, TP (lane C). Molecular 

weight markers and individual polypeptide chains are indicated.
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FIGURE 3.7

Papain peptide mapping showed that the p  and p ' chains are related and 

that p26 is a distinct molecule

CD8 chains and associated polypeptides, labelled with 35S-met/cys and 

immunoprecipitated with anti-CD8 amAb (YTS 169.4), were separated on SDS-PAGE 

after which the gel was dried and exposed to film. The bands corresponding to CD8a , 

a ', p, p' and p26 were cut and the protein extracted from gel slices and treated with 

papain. Digests were separated on 15% SDS-PAGE, and the gel was autoradiographed 

(Panel A) and quantified using a Phosphorlmager (Molecular Dynamics) (Panels B-D). 

Graphical representation of the Phosphorlmager data was obtained by dividing each 

lane into 35 segments and calculating the density in each segment using ImageQuant 

software (Molecular Dynamics) (described in more detail in chapter 2). Panel A: lane 

1, C D 8 a ;  lane 2, CD8a '; lane 3, CD8p; lane 4, CD8P'; lane 5, p26. Panel B, 

comparison of densities of CD8a  and CD8a'; Panel C, comparison of CD8p and p' 

(values for CD8p were multiplied by 2.5 to equilibrate the peak sizes in the two 

samples); Panel D, comparison of CD8a, CD8P and p26.
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FIGURE 3.8

Staphylococcus aureus V8 peptide mapping

CD8 chains and associated polypeptides, labelled with 35S-met/cys and 

immunoprecipitated with anti-CD8amAb (YTS 169.4), were separated on SDS-PAGE, 

extracted from gel slices and treated with Staphylococcus aureus V8 . Digests were 

separated on a 15% SDS-PAGE and the gel was autoradiographed. Lane 1, CD8a; 

lane 2, CD8a '; lane 3, CD8p; lane 4, CD8P' and lane 5, p26.
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FIGURE 3.9

Isolation o f  thymic subpopulations fo r  subsequent metabolic labelling

Thymocytes were stained with anti-CD3 antibody (2C11-FITC conjugated), 

anti-CD4 antibody (L3T4-PE conjugated), and with anti-CD8 antibody (YTS 169.4- 

biotin with a second layer of streptavidin-PE/TXRD). Subsequently the CD4+/CD8+ 

cells were sorted on a FACStar Plus according to the levels of CD3 expression (panel 

A). The CD3' population was gated on channel 1 (panel A) and sorted for CD4+/CD8+ 

expression (panel B), yielding 18% of the total sorted population. The CD3du11 

population was gated on channel 2 (panel A) and sorted for CD4+/CD8+ expression 

(panel C), yielding 35% of the total sorted population.

The mature CD8 single positive population (CD3+/CD4-/CD8+) was obtained 

by complement killing with J11D and RL172.4 antibodies and then tested with the 

same conjugated antibodies used for sorting (above). The CD3+/CD8+ cells 

represented 6 6 % of the total population after the killing assay (panel D quadrant 2). 

The CD4+ cells not killed represented 10% of the total population; however any 

contamination with CD3+/CD4+ cells would not have interfered with the assay as the 

cells were subsequendy precipitated with an anti-CD8 antibody.
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FIGURE 3.10

Isolation o f  thymic subpopulations fo r  subsequent surface labelling

Thymocytes were stained with anti-CD3 antibody (2C11-FITC conjugated), 

anti-CD4 antibody (L3T4-PE conjugated), and with anti-CD8 antibody (YTS 169.4- 

biotin with a second layer of streptavidin-PE/TXRD). Subsequently the CD4+/CD8+ 

cells were sorted on a FACStar Plus according to the levels of CD3 expression (panel 

A). The CD3- population was gated on channel 1 (panel A) and sorted for CD4+/CD8+ 

expression (panel B), yielding 23% of the total sorted population.

The mature CD8 single positive population (CD3+/CD4_/CD8+) was obtained 

by complement killing with J11D and RL172.4 antibodies and later tested with the 

same conjugated antibodies used for sorting (above). The CD3+/CD8+ cells 

represented 61% of the total population after the killing assay (panel C quadrant 2). 

The CD4+ cells not killed represented 6% of the total population, however these 

CD3+/CD4+ cells would not have interfered with the assay as the cells were 

subsequently precipitated with an anti-CD8 antibody.
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FIGURE 3.11

The C D 8 p f and p 2 6  polypeptides are expressed in a ll the sorted  

populations studied in the thymus

Sorted thymocytes (from figure 3.9) were labelled with 35S-met/cys for 90 

min., Panel A; or surfaced labelled with 125I-SHPP (from figure 3.10), Panel B. In 

both cases cells were then lysed and precipitated with anti-CD8a  mAb (YTS 169.4). 

Precipitates were run under reducing conditions on a 12.5% SDS-PAGE. Gel lanes 

show: total thymus as a control (panel A, lane 1); CD3VCD4+/CD8+ (panel A, lane 4 

and panel B, lane 1); CD3dull/CD4+/CD8+ (panel A, lane 3); CD3+/CD4VCD8+ (panel 

A, lane 2 and panel B, lane 2). Individual polypeptide chains are indicated.
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CHAPTER FOUR

CARBOHYDRATE ANALYSIS OF P' AND p26

4.1 Introduction

In the previous chapter, two molecules of 26kD and 29kD molecular weight 

found co-precipitating with the CD8 complex were identified and characterised. The 

29kD molecular weight protein was characterised as an alternative form of the CD8p 

chain, which I named CD8P' and the 26kD molecular weight protein (p26), which is 

not expressed on the surface of either mature or immature T cells, did not seem to be 

related to any of the CD8 components. In this chapter I investigate the glycosylation 

state of the CD8P' and p26. The aim of this study was to determine whether p26 was 

another glycosylated form of CD8a, a 1 or P chains and whether the difference between 

CD8p and p' was due to sugar variabilities.

Biochemical data on the murine CD8 complex has suggested that CD8a and a 1 

chains contain three N-linked sugars. N-linked oligosaccharides bind to a specific 

sequence on amino acid protein cores: Asn-X-Ser/Thr (where X is any am*<\o acid 

except proline). Removal of these carbohydrates by endoglycosidase F produces a 

shift in the molecular weight of the a  and a 1 polypeptides of about 9-10kD, as 

observed in SDS-PAGE (Liischer et al., 1985; Rothenberg & Triglia, 1983). This 

agrees with the number of glycosylation sites predicted from the CD8a and a ' amino 

acid sequence (Zamoyska etal., 1985). In contrast, CD8P only contains one N-linked 

sugar, removal of which causes an apparent molecular weight shift of the p chain of 

3kD in SDS-PAGE (Liischer et al., 1985). This was again in agreement with the 

glycosylation site predicted from the CD8p protein sequence.

Other sugar modifications, such as the presence of sialic acid, were also 

described for both CD8a and a ' chains. Using non-equilibrium pH gradient 

electrophoresis (NEPHGE), a  and a ’ polypeptides of surface labelled T cells presented
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multiple isoelectric forms. This electrophoretic heterogeneity largely disappeared after 

removal of the sialic acid residues with neuraminidase, suggesting that CD8a  and a 1 

chains were terminally sialylated (Reilly e ta l ., 1980; Walker et al., 1984b; Zamoyska 

& Pames, 1988). The sialic acid is apparently not associated with the three N-linked 

sugars present in the CD8a  and a ' molecules because after removal of the N-linked 

carbohydrates, in NEPHGE analysis of metabolically labelled lysates, showed no 

change in the electrophoretic heterogeneity of the CD8a  and a ' chains (Liischer et al., 

1985). These findings suggested that the other type of oligosaccharides present in 

mature proteins, namely O-linked sugars, could be the carriers of the sialic acid 

residues described.

O-linked oligosaccharides have only been analysed in detail in the human and 

rat CD8a  molecule. Biochemical studies done on human CD8 suggested that O-linked 

oligosaccharides rather than the N-linked type, were present in the CD8a  chains (Snow 

& Terhorst, 1983). In the rat, O-linked sugars have been mapped to the hinge region 

of the CD8a  chain (Classon et al., 1992). Although no work has been reported that 

suggests O-linked sugars are present in the mouse CD8 molecules, the high sequence 

homology among the rat, human and mouse CD8 would predict the presence of these 

carbohydrates in the murine CD8oc molecules as well.

Two questions are addressed in this chapter: the first is whether the difference 

between CD8p and p ’ molecules is due to posttranslational modifications like 

variability in N-linked and/or O-linked oligosaccharides or sialic acid. The second 

question is whether p26 is posttranslationally modified and if so what type of sugars it 

carries.
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4.2 C D 8P' and p26 are not N-linked glycosylation variants 

o f C D 8a or P

I examined whether a difference in the N-linked sugar composition accounted 

for the altered migration between CD8p and CD8 p' or p26, by treatment with two 

glycosidases: endoglycosidase F (endo F) and endoglycosidase H (endo H). Endo F 

had been previously shown to remove high-mannose and complex oligosaccharides 

from glycoproteins while endo H removes only the high mannose type (Elder & 

Alexander, 1982; Tarentino & Maley, 1974). Proteins corresponding to CD8a , a ', p, 

P', and p26 were immunoprecipitated from metabolically labelled thymocytes and 

eluted from bands excised from gels. The isolated proteins were then treated with 

buffer alone or buffer with enzyme, and re-run in a SDS-PAGE under reducing 

conditions.

4.2.1 CD8p' and p26 contain one N-linked oligosaccharide

Endo F treatment reduced the relative molecular weights of CD8a  (figure 4.1, 

lanes la  and lb) and CD8a ' (figure 4.1, lanes 2a and 2b) from 39kD and 35kD to 

30kD and 25kD respectively. These shifts, of about 9-10kD, correspond to the 

removal of three N-linked sugars in agreement with previous studies (Liischer et al., 

1985; Zamoyska etal., 1985).

Two bands could be seen after treatment of the 31kD molecular weight CD8p 

band with endo F (figure 4.1, lane 3b): a higher band of 27kD and a lower band of 

21kD. Given that the protein sequence predicts a single N-linked glycosylation site 

(Gorman et al., 1988) and therefore a size reduction of 3kD, it is likely that the upper 

band (27kD) correspond to the deglycosylated polypeptide. The fainter lower band 

(21kD) could be a cleavage product resulting from treatment with the enzyme. The 

CD8P* polypeptide was reduced from 29kD to an apparent molecular weight of 26kD 

after treatment with endo F (figure 4.1, lanes 4a, 4b), and p26 was reduced from 26kD
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to 23kD (figure 4.1, lanes 5a, 5b), corresponding to the removal of a single N-linked 

sugar in both cases. The deglycosylated products of CD8P' and p26 differed from 

those of CD8a , CD8a ' and CD8J3 suggesting that the differences in molecular weights 

between these species were not due to N-linked oligosaccharide.

A drug which inhibits N-linked glycosylation was used to further characterise 

the maturation processing of the two species, p' and p26, associated with the CD8 

complex. Tunicamycin is a drug which prevents N-linked oligosaccharides being 

transferred to asparagine residues of nascent polypeptides in the lumen of the ER. In 

this study, T cells were treated with tunicamycin for 24 hours prior to labelling with 

35S and immunoprecipitation with anti-CD8 antibodies. In the presence of tunicamycin 

the thymocytes all died before they could be labelled even when the drug was titrated 

(5-0.05}ig/ml) to levels well below those normally used (10 (ig/ml) (Luescher & Bron, 

1985) and tested for different incubation times (12-24 hours). These findings suggest 

that under the conditions used the T cells were not able to survive without the correct 

processing of N-linked carbohydrates.

4.2.2 The N-linked sugar present in p26 is a high-mannose type

Endoglycosidase H has been described to remove mainly high-mannose 

oligosaccharides from core proteins, suggesting that once a protein is exported from the 

Golgi it becomes largely endo H resistant (Tarentino & Maley, 1974). When isolated 

CD8a  and a ' polypeptides were treated with endo H following a 90 minutes long pulse 

of radiolabelled amino acids, the result was a small shift in migration corresponding to 

about 3kD (equivalent to the removal of one N-linked sugar) (fig.4.2, lanes la, lb, 2a 

and 2b ). Similar shifts in molecular weight have been reported after surface labelling 

of CD8 molecules (Liischer et al., 1985) implying that one of the three N-linked 

oligosaccharides in the CD8a  and a ' chains remained unprocessed, of the high- 

mannose type, when exported from the Golgi to the cell surface. CD8p and (V became
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resistant to endo H treatment (fig.4.2 lane 3b and 4b respectively). The small band 

visible after treatment of CD8 p with endo H was similar in size (21kD) to the band 

which was seen after treatment of CD8 (3 with endo F. It is possible that both of these 

enzymes have a contaminating protease to which the (3 chain is particularly sensitive at 

this site.

Interestingly, p26 remained sensitive to endo H even after a 90 minute label. 

An equivalent reduction in molecular weight, from 26kD to 23kD, was seen after endo 

F treatment (figure 4.1, lane 5b and figure 4.2, lane 5b respectively) suggesting that 

this N-linked carbohydrate was of the high-mannose type. Glycoproteins that do not 

go beyond the Golgi remain fully endo H sensitive whereas most surface glycoproteins 

become endo H resistant (Tarentino & Maley, 1974). Because the thymocytes used in 

this experiment were radiolabelled for 90 minutes, which was sufficient time for the 

CD8 complex to be completely processed (Rothenberg & Triglia, 1983), it is possible 

that p26 is retained in an early cellular compartment.

4.3 O-linked oligosaccharides are present in C D 8a, P and P' 

p olypeptides

As discussed above, N-linked oligosaccharides seemed not to be responsible 

for the difference in migration of the p and P' chains, therefore I examined whether the 

difference between CD8p and CD8P' was due to O-linked sugars. Immunoprecipitates 

were treated first with neuraminidase, removing sialic acid residues which was essential 

for the activity of O-glycanase. Subsequently, O-glycanase was added to remove the 

O-linked sugars present in the polypeptides. This treatment was followed by western 

blotting and visualisation with an anti-CD8P antiserum. The multiple species 

comprising CD8p and p', with a molecular weight range of 27-32kD, were reduced to 

a single band of 28kD after treatment with the enzyme (figure 4.3B lane b), suggesting 

that the difference between p and p' was due to either O-linked oligosaccharides or
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sialic acid (or both). The CD8a  chain, visualised with an anti-CD8a  tail antibody, was 

reduced approximately 6kD after treatment with neuraminidase and O-glycanase (figure 

4.3A lane b). Thus the amount of O-linked sugars present on mouse CD8a  seems to 

be similar to that found by Classon and co-workers on the rat CD8a  chain (Classon et 

a l , 1992).

4.4 C D 8P f and p26 are acidic proteins with heterogeneous 

charge

Sialic acid provides proteins with extra negative charge as it is the only charged 

sugar residue added to the core protein. In order to determine charge differences 

between the CD8 components a 2-dimensional gel was performed using metabolically 

labelled thymocytes previously precipitated with YTS 169.4 sepharose. The precipitate 

was run in the first dimension in a non-equilibrium pH gradient electrophoresis and run 

on the second dimension on a SDS-PAGE in the presence of 2-ME. CD8a  and a ' 

showed a similar basic heterogeneous charge pattern while CD8p ran as a basic tight 

spot (figure 4.4). This electrophoretic pattern had been previously observed with 125I 

surfaced labelled thymocytes, indicating that CD8 components show the same charge 

heterogeneity from either surface or metabolically labelled cells (Reilly et al., 1980; 

Walker et al.y 1984b). In contrast CD8p' and p26 bands were more diffuse and ran 

towards the acid pole, a pattern very distinct from that of CD8a , a 1 and P (figure 4.4). 

Altogether these data suggest that the difference between CD8p and P' could be due to 

an increased number of sialic acid residues on the P' polypeptide producing an 

electrophoretically heterogeneous pattern with a more negative charge than the basic 

spot seen for the p chain. In addition the data suggest once again that p26 is a novel 

protein with a negatively charged pattern very distinct from those shown for the a , a ' 

and p polypeptides.
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4.5 CD8(3 and (3f differ in their sialic acid content

The analysis of the O-linked sugar and charge data presented above suggested 

the CD8 fV chain was highly sialylated. To verify these findings I used neuraminidase, 

an enzyme which specifically removes sialic acid. Spleen cells were surface labelled 

with 125I SHPP and immunoprecipitated with an anti-CD8a  antibody. Half of the 

precipitate was treated with neuraminidase from Arthobacter ureafaciens and the other 

half was left untreated as a control. These precipitates were then run in the first 

dimension non-reduced and in the second dimension under reducing conditions. The 

bands shown in figure 4.5 A and B below the diagonal represent subunits of covalently 

linked complexes, members of which run in vertical alignment. The untreated control 

shows CD8a , P and P', the latter of which is composed of a series of bands of very 

close molecular weight (figure 4.5 A). Neuraminidase treatment significantly reduced 

the amount of the CD8 P* species resulting in a single broad band co-migrating with 

CD8P (figure 4.5 B). Arthobacter ureafaciens neuraminidase treatment together with 

the O-glycanase data and the diffused negatively charge pattern presented by the p’ 

chain strongly suggest that the difference between the p and p1 polypeptides is due to 

increased sialylation. Moreover, the N-linked and the O-linked sugar data shown 

above suggest that the sialic acid residues are added to the O-linked carbohydrate as it is 

processed in the trans Golgi, and not to the N-linked carbohydrate present on the p' 

polypeptide.

4.6 Discussion

In this chapter I compared the processing of carbohydrates on the CD8 

components, CD8P' and the associated protein of 26kD molecular weight described in 

chapter 1. Oligosaccharide processing has been shown to take place in the lumen of the
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endoplasmic reticulum (ER) and Golgi apparatus in a very orderly fashion (reviewed in 

(Komfeld & Komfeld, 1985)). Two types of carbohydrate chains can be covalently 

added to a protein core: N-linked, the most common one and O-linked, a less frequent 

type. There are three types of N-linked oligosaccharides found in completely processed 

glycoproteins: complex, high-mannose and hybrid oligosaccharides. Complex 

oligosaccharides are extensively modified in the lumen of the Golgi complex with 

sugars such as galactose, N-acetylglucosamine, sialic acid and in some cases fucose. 

Sialic acid is the only residue which has a negative charge, therefore affecting the 

proteins' overall charge. In contrast to the complex sugars, most of the high-mannose 

carbohydrates are not modified further in the Golgi lumen and are often observed in 

fully mature proteins to be similar to the oligosaccharide precursor first added in the 

ER. The hybrid type of sugar contains features of both complex and high-mannose 

sugars.

It is not exactly known why a protein will acquire one type of oligosaccharide 

preferentially over another. It has been suggested that a determining factor for the 

synthesis of a particular oligosaccharide is the level of expression of particular enzymes 

among different species and tissues (Komfeld & Kornfeld, 1985). Another factor 

involved in determining which type of sugar is to be added is the location of the protein 

within the cell. It is expected that the sugars of an ER residing glycoprotein, like 3- 

hydroxy-3-methylglutaryl-CoA reductase which is the rate-controlling enzyme in 

cholesterol synthesis, would be of the high-mannose type as this glycoprotein is not 

exposed to the Golgi processing enzymes (Liscum et a l., 1983). The structure of the 

protein could be another factor influencing oligosaccharide processing. For example, 

the incorporation of amino acid analogs into an immunoglobulin light chain molecule 

prevents the normal processing of high-mannose sugars into the complex type without 

affecting immunoglobulin light chain secretion (Green, 1982). Other reports suggest 

that there is direct interaction between N-linked carbohydrates, such that N-linked 

glycosylation at one site might be influenced by other N-linked sugars at different sites.
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An example of this is provided by the immunoglobulin G molecule (IgG) where 

interaction between glycosylation sites seems to be a controlling mechanism in which 

only certain types of IgG isoforms are allowed (Rademacher et al., 1988). One could 

envisage a flexible mechanism where the structural and functional roles of 

oligosaccharides were so interelated that a protein could direct its own glycosylation. 

Although there is no direct data suggesting this type of control, the reports described 

above are not incompatible with this idea of glycosylation biosynthesis.

4.6.1 Oligosaccharide analysis of p26

Murine CD8a  and a ' chains contain three N-linked sugars. The presence of 

these sugars is predicted by the protein sequence and was confirmed by removal with 

endo F. While two are of the complex type, shown by their resistance to endo H which 

removes only high-mannose sugars, the third is of the high-mannose type as 

demonstrated by the sensitivity of fully processed a  and a ' molecules to endo H 

(Liischer et al., 1985). These structures are not unique to the CD8 complex as high- 

mannose oligosaccharides have also been observed in other fully mature membrane 

molecules including Thy-1 (Luescher & Bron, 1985). The data shown in figure 4.2 

suggested that the N-linked sugar present in the 26kD molecular weight species was 

also of the high-mannose type as its migration on a SDS-gel was shifted by 

approximately 3kD after treatment with either endo F or endo H.

I also compared the electrophoretic patterns of the CD8 components and p26, to 

investigate further the possibility that p26 was an alternative form of a , a ' or p 

molecules. p26 was shown to run with a negative charge compared with the CD8 

subunits, again suggesting that the 26kD molecular weight species associated with CD8 

was a new and unidentified molecule. Although some proteins expressed on the cell 

surface are known to contain high-mannose sugars (ie CD8a  and a') the endo H data,
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together with the inability to detect this protein on the cell surface (as discussed in 

Chapter 3) suggested that p26 resides in a compartment prior to the medial Golgi.

Several proteins that are known to reside in the lumen of the ER or Golgi have 

been termed "chaperones" (reviewed in (Ellis & van der Vies, 1991)). These molecules 

aid in the proper folding of different proteins, reducing the probability of formation of 

incorrect structures, although they are not themselves part of the functional molecule. 

One example is BiP, a member of the heat-shock protein family, which helps in the 

folding of Ig molecules (Haas & Wabl, 1983). BiP has also been described associated 

with the newly synthesized unassembled subunits of the nicotinic acetylcholine receptor 

but not with the fully mature forms (Blount & Merlie, 1991). This resembles the 

preferential association seen between p26 and the more "immature" forms of the CD8 

complex (discussed in chapter 5) but unlike p26, BiP is not glycosylated.

Some cellular proteins contain retention signals resulting in their accumulation 

in the ER or Golgi. For example, an ER retention signal was identified in the 

cytoplasmic tail of the CD3e chain of the T cell receptor complex (Mallabiabarrena et 

al., 1992). Deletion of the KGQRDLYSGL motif, located at amino acids 171-180, 

was shown to be sufficient to abolish retention of the CD3e subunit in the ER and 

export it to the plasma membrane. A different ER retention signal has been identified in 

the product of the yeast sec20 gene which uses the KDEL (or HDEL) ER retention 

motif present in its carboxy-terminal (Pelham, 1990). Another distinct retention signal, 

Lysine-Lysine-X-X, has been identified in the cytoplasmic tail of the adenovirus 

E3/19K protein. This signal when attached to the CD8 or CD4 molecules, which are 

normally exported to the cell surface, causes them to be retained in the ER (Nilsson et 

al., 1989). A retention domain specific for the trans Golgi was identified by replacing 

the N-terminal sequence of the human invariant chain with an equivalent sequence from 

a resident of the trans Golgi cistemae, p-l,4-galactosyltransferase (Nilsson et al., 

1991). Their findings suggested that only ten amino acids, corresponding to the 

membrane spanning domain, were sufficient for complete retention of the hybrid
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invariant chain in the trans Golgi. It would be very interesting to determine if p26 

contains any of these retention signals described above. In order to assess this, the 

purification and sequencing of p26 is underway. If p26 is specifically retained in the 

ER or Golgi complex, as the glycosylation data suggest, it might be a chaperone protein 

whose role is to ensure the correct folding of the CD8 molecule.

4.6.2 Oligosaccharide analysis of the CD8p' chain

The sugar composition of CD8P' was analysed in this chapter. The aim of this 

study was to investigate whether the difference between the P and p1 polypeptides was 

due to oligosaccharide composition. Treatment of CD8p and p' polypeptides with 

endo F removed the equivalent of one N-linked oligosaccharide (3kD) from each 

polypeptide. Morover, CD8p and P' polypeptides were both resistant to endo H, 

indicating that the N-linked sugar is not of the high-mannose type. Interestingly, after 

removal of the N-linked oligosaccharide the differential migration of CD8p and P' 

chains on SDS-gels was maintained, suggesting that the difference between these two 

molecules is not due to N-linked sugars.

As N-linked sugars could not account for the difference between p and P' 

polypeptides I investigated whether this difference could be due to O-linked 

oligosaccharides. These carbohydrates are covalently linked to the hydroxyl group on 

the side chains of serine and threonine amino acids. Unlike N-linked oligosaccharides, 

serine and threonine need not be part of a specific sequence recognised by the O-linked 

oligosaccharide making it very difficult to predict the number of O-linked sugars a 

protein will contain from its amino acid sequence. In contrast to N-linked 

carbohydrates, O-linked oligosaccharides are not added cotranslationally and do not 

involve an oligosaccharide-lipid intermediate (Hannover & Lennarz, 1981). The 

location where the first glysosylation step occurs is still controversial. Some reports 

suggest that the first processing event of O-linked oligosaccharide occurs in the cis
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Go|gi while more recent data indicate that this event begins in the pre-Golgi transitional 

elements (Pathak etal., 1988; Tooze etal.> 1988).

The data available on O-linked carbohydrate processing in the CD8 antigen is 

restricted to the human and the rat system. Human CD8a  chains are glycosylated but 

the oligosaccharides are all O-linked rather than the N-linked type (Snow & Terhorst, 

1983). In the rat system the structure of the CD8a  hinge region has been analysed and 

shown to contain four O-linked oligosaccharides (Classon et al.y 1992). The presence 

of these carbohydrates and the large number of proline residues found in this region 

were thought to be important in maintaining it in an extended structure.

It has been suggested that MHC class I and II molecules adopt similar structures 

(Brown et al.y 1988). Therefore, one might predict that the overall length of CD4, 

which interacts with class II molecules, would be similar to that of CD8 , which 

interacts with class I MHC molecules. The N-terminal extracellular region of CD4 

contains four immunoglobulin-like domains which, given that a single Ig domain is of 

the order of 30A, suggests an overall size in the region of 125A. In contrast, CD8 has 

a single extracellular Ig like domain, of approximately 30A. Comparing the structures 

of CD4 and CD8 molecules, an extended CD8a  hinge domain is the most probable 

conformation CD8 must attain in order to be similar to the CD4 structure. The hinge 

domain contains only 45 amino acids thus making it unlikely that it would form a 

globular structure. In addition, the number of prolines together with the O-linked 

carbohydrates and sialic acid residues present would give this region a negative charge 

keeping it in an extended form and repelled from the surface membrane. The crystal 

structure of a soluble CD8a  molecule has been reported but the data were not able to 

distinguish between a rigid or a flexible hinge region (Leahy et al., 1992). It is 

reasonable to propose that the hinge region of CD8 adopts an extended conformation 

making this molecule "tall" enough to interact with the class I MHC molecule and this 

might be helped by the O-linked sugars and sialic acid residues predicted to be located 

in this region.
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After removal of the O-linked sugars, the a  chain ran as a smaller band 

suggesting that it contained O-linked carbohydrates. The hinge regions of CD8a  and (3 

show some homology and this is where the cysteine residues involved in the inter-chain 

di-sulphide bond are located (Kirszbaum et al.y 1989). Although there was no direct 

data to support the presence of O-linked sugars in the CD8 (3 and (3' molecules, this 

homology led me to investigate the presence of these carbohydrates. After treatment 

with neuraminidase and O-glycanase the |3 and p1 species were reduced to a single band 

(figure 4.3), suggesting that the difference between p and p' was due to either O-linked 

sugars or sialic acid (or both). However, the data presented after neuraminidase 

treatment alone, which removes sialic acid residues, suggested that the main difference 

in migration between the p and p' chains was due to different levels of sialic acid rather 

than differences in the number of O-linked carbohydrates. Using a combination of 

non-equilibrium pH gradient electrophoresis and a SDS-gel I analysed the 

electrophoretic patterns of CD8P and P'. The P’ polypeptide showed a negative charge 

and presented a diffuse pattern which was very distinct from that of the CD8 P 

polypeptide which ran as a basic well-defined spot. Moreover, sialic acid is the only 

sugar residue which contains a net negative charge contributing to the overall charge on 

the cell surface. Together these findings suggest that p and p' differ in the number of 

sialic acid residues they contain.

Sialic acid has been shown to play a role in cell adhesion (Nonoyama et al., 

1989), cell differentiation (Hoessli et al., 1980) and clearance of glycoproteins from the 

blood stream (Morell et al., 1971) among other roles. The importance of sialic acid in 

the immune system was first suggested using neuraminidase treated lymphocytes and 

observing that these cells did not circulate normally, compared to untreated 

lymphocytes (Woodruff & Gesner, 1969), therefore suggesting that sialic acid residues 

have an important role in controlling the normal fate and distribution of T cells 

throughout the body.
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In cell differentiation it was observed that peripheral blood lymphocytes 

contained more sialic acid residues on the cell surface compared to thymocytes 

(Despont et a l ., 1975). Hoessli and colleagues showed that Thy-1 on peripheral T cells 

carry more sialic acid than Thy-1 molecules on thymocytes suggesting that upon 

maturation the carbohydrate composition of Thy-1 molecules is modified (Hoessli et 

a l . t 1980). The involvement of sialic acid in T cell maturation was addressed by 

analysing the interactions between CD3, at different stages of maturation, with thymic 

epithelial cells (Nonoyama et al.y 1989). The data showed that only the CD3du11 

population would bind the thymic epithelial cells, through CD2/LFA-3 and LFA- 

1/ICAM-l interactions, while the other populations (CD3- and CD3+) were induced to 

do so only after neuraminidase treatment. This suggested that increased sialylation on 

the cell surface upon maturation of T cells (CD3+), blocks binding to thymic epithelial 

cells. In the same context it was shown that cytotoxic T cell killing of target cells is 

enhanced after neuraminidase treatment (Kaufmann et al.y 1981). Altogether these 

findings suggest that sialic acid residues have a negative effect on adhesion.

By contrast, sialic acid can also play a positive role in adhesion. It was shown 

that neuraminidase treated peripheral T cells did not home to lymphoid organs but were 

trapped in the liver (Woodruff & Gesner, 1969). Imai and colleagues showed more 

specifically that the homing defect, caused by neuraminidase treatment, was at the level 

of the interaction between the lymph node homing receptor and its ligand, thus 

suggesting that sialic acid is required for adhesion (Imai et al., 1991). In the same 

context, sialic acid was shown to play a role in regulating the survival of glycoproteins 

in the circulation (Morell et al., 1971). Several plasma glycoproteins previously treated 

with neuraminidase, were injected intravenously and it was found that they were readily 

removed from the circulation and localised to the liver.

The data presented above strongly suggest that one of the major roles of sialic 

acid residues is in adhesion. It is impossible to predict how changing the sialic acid
r

composition^ molecule affects its overall function, as sialic acid can have both positive
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and negative effects on adhesion. If sialylation of CD8P chains, in the form of p1, is 

relevant to the interaction of CD8+ T cells with their targets, it could have either an 

enhancing or inhibitory affect on adhesion. Another intriguing possibility is that 

increased sialylation might affect potential interactions between CD8 and other 

molecules on the T cell surface, particularly if it occurs predominantly in the hinge area 

as it was discussed above. Non- covalent associations between molecules on the 

surface of T cells have been shown in several studies, for example association between 

CD2 and CD45 in mouse lymphocytes (Altevogt et a l., 1990). Moreover, the CD2 

antigen has also been found associated with the TcR/CD3 complex on the surface of 

human T cells (Brown et al., 1989). If CD8P' molecules were either more or less able 

than CD8 p to achieve close proximity with the T cell receptor on the cell surface this 

could be a significant modulator of CD8 function, as either outcome would affect 

transduction of activation signals in CD8+ T cells.
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FIGURE 4.1

A lternative N -linked glycosylation does not account fo r  the differences 

between the CD8 associated polypeptides.

CD8-associated polypeptides were labelled for 1.5 hours with 35S-met/cys, 

immunoprecipitated with anti-CD8 antibody, and separated on SDS-PAGE. Gels were 

dried, exposed and the CD 8 related bands cut out. Proteins were extracted from gel 

slices, precipitated with TCA and treated with endoglycosidase F (endo F). Samples 

were run on 12.5% SDS-PAGE. Pairs of lanes were treated with buffer alone (lanes 

a), or with endo F (lanes b): CD8a  (1); CD8a ' (2); CD8p (3); CD8p' (4); p26 (5). 

Molecular weight markers are indicated.
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FIGURE 4.2

p26 contains 1 N -linked carbohydrate o f  the high-m annose type

CD8-associated polypeptides labelled for 1.5 hours with 35S-met/cys and 

immunoprecipitated with anti-CD8 antibody were separated on SDS-PAGE. Gels were 

dried, exposed and the CD8 related bands cut out. Protein were extracted from gel 

slices, precipitated with TCA and treated with endoglycosidase H (endo H). Samples 

were run on 12.5% SDS-PAGE. Pairs of lanes were treated with buffer alone (lanes 

a), or with endo H (lanes b): CD8a ( l ) ;  CD8a ' (2); CD8p (3); CD8p’ (4); p26 (5). 

Molecular weight markers are indicated.
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FIGURE 4.3

C D 8 a , p  and p ' polypeptides contain O-linked sugars

Thymocytes immunoprecipitated with anti-CD8 antibody were treated with 

neuraminidase plus O-Glycanase, run on 12.5% SDS-PAGE (the equivalent of 108 

thymocytes/lane, under reducing conditions). Protein was transferred from gels onto 

nitrocellulose membrane, western blotted and visualised with the ECL detection 

system. Individual lanes were probed with rabbit antisera raised to peptides of the 

following specificities: N-terminus of CD8a  (Ta), Panel A; C-terminus of CD8 p (Tp), 

Panel B. Both Panel A and B shows untreated controls (lanes a) and treated with 

neuraminidase plus O-Glycanase (lanes b).
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FIGURE 4.4

The electrophoretic patterns o f  the CD8p' and the 26kD polypeptides are 

very distinct from  those o f  the CD8 components

CD8-associated polypeptides, labelled for 1.5 hours with 35S-met/cys and 

immunoprecipitated with anti-CD8 antibody, were analysed on two-dimensional gel 

electrophoresis. The first dimension was NEPHGE (non-equilibrium pH gradient 

electrophoresis) shown on the horizontal axis with the acidic end on the left and the 

basic end on the right. The second dimension consisted of a 12.5% SDS-PAGE under 

reduced conditions run on the vertical axis (R). Individual polypeptide chains are 

indicated with arrows.
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FIGURE 4.5

The difference between the p  and p f polypeptides is due to sialic acid

CD8-associated polypeptides from spleen cells were surfaced labelled with 

SHPP J25I and immunoprecipitated with anti-CD8 antibody. Half of the precipitate 

was treated with 8 mU of A neuraminidase (panel B) and the other half left

untreated as a control (panel A). The precipitates were analysed on two-dimensional 

gel electrophoresis: the first dimension was non-reduced (NR) and the second 

dimension was run under reducing conditions (R). Individual polypeptide chains are 

indicated with arrows.
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CHAPTER FIVE

STUDY OF THE MOLECULAR ASSOCIATIONS BETWEEN  

CD8 p*  AND p26 WITH THE SUBUNITS OF THE CD8 

COMPLEX

5.1 Introduction

Biochemical data on the two novel proteins associated with the CD8 complex 

suggested two findings. First, the P' molecule is another form of CD8p on the cell 

surface; P' contains 1 N-linked oligosaccharide of the complex type as well as O-linked 

sugars. Second, p26 appears to be a novel protein containing 1 N-linked high- 

mannose carbohydrate. This protein was not found on the cell surface and the endo H 

sensitivity suggested that it is retained in the cell prior to the medial Golgi. In this 

chapter I investigate the different associations of CD8P' and p26 with the CD8 complex 

as a first step in understanding how these two proteins interact with the a , a ' and P 

chains. The second aim of this study was to analyse the maturation of P' and p26 after 

insertion into the lumen of the ER and whether their synthesis was similar to that 

observed for the a , a ' or p chains.

It has been reported that thymocytes express CD8 on the cell surface in different 

heterodimeric forms, namely ap, a'P and a a ’ (Ledbetter & Seaman, 1982). As this 

work used 125I lactoperoxidase surface labelling and the p chain labels very poorly 

with this method, it is possible that the a a ' complexes, which were shown in off 

diagonal gels, were really ap  and a ’p dimers. If this were so it would agree with 

other work which showed a strong preference for surface expression of disulphide- 

linked aP  heterodimers (Walker et aL, 1984b; Zamoyska & Pames, 1988). Depletion 

studies with surface labelled T cells where lysates were precipitated with several rounds 

of anti-CD8p antibody, found that removal of the P chains concomitantly removed all 

of the a  polypeptides (Walker et al.y 1984b). Despite the preference for heterodimeric
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forms of this molecule, CD8a  can form disulphide bonded homodimers in the absence 

of p in TcR y5+ T cells (MacDonald et al., 1990) and in transfected cells (Tagawa et 

al., 1986; Zamoyska et al., 1985). The converse is not true as the CD8p chain is 

unable to be transported to the cell surface in the absence of a  (Blanc et al., 1988; 

Gorman et al., 1988). In addition to the heterodimeric forms described, CD8 forms 

high multimers on the surface of both mouse and human T cells (Ledbetter et al., 1981; 

Snow & Terhorst, 1983). In the mouse system, using 125I lactoperoxidase labelling, it 

was found that these higher multimeric forms of CD8 are composed of a , a ' and p 

subunits (Ledbetter etah, 1981).

The formation of complexes, be they dimers or high multimers of repetitive or 

different subunits, is not unique to CD8 molecules. Murine T cell receptor/CD3, for 

example, has a very complicated subunit composition formed of at least seven 

transmembrane molecules (reviewed in (Clevers et al., 1988)). Some of the chains are 

synthesised in excess and are degraded in a post-Golgi compartment (Lippincott- 

Schwartz et al., 1988). In contrast the fully assembled seven-chain receptor is not 

destroyed and is successfully transported to the cell surface. These findings suggest 

that once complexes, such as TcR or CD8 , are formed and fully mature they may be 

protected from degradation processes and will be expressed on the cell surface as 

functional molecules. For the T cell receptor this protection mechanism may be 

accomplished by an accessory molecule called TRAP which is hypothesised to help in 

the correct assembly of the TcR complex (Bonifacino et al., 1988; Pettey et al., 1987).

The first aim of this chapter is to investigate the possible roles of the two 

proteins, p' and p26, in the formation of CD8 complexes. To do this I analysed the 

different associations formed by the various CD8 chains as the molecule is synthesised 

and expressed on the cell surface. The second aim of this chapter is to study the 

biosynthesis and maturation processes of these two novel species compared with the 

CD8 complex. The maturation of the CD8 components is characterised by a rapid rate 

of synthesis (Liischer et al., 1985; Rothenberg & Triglia, 1983). Pulse chase analyses
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were used to study the process of synthesis of these polypeptides. Cells were pulsed 

with 35s Meth/Cys for 5-10 minutes and immunoprecipitated after various chase 

periods with unlabelled amino acids. The first mature molecules were detected after 10 

minutes chase. This fast rate of synthesis has also been observed in other molecules 

such as the human T3 antigen (Kanellopoulos et al.> 1983) and the HLA-DR antigens 

(Owen e ta l., 1981).

It is still a controversy as to which CD8 precursor molecule corresponds to 

which chain. For example, Liischer and co-workers used endo H to estimate precursor 

size of the a  chain, which they suggested was of 22kD molecular weight. However 

this did not allow for the O-linked carbohydrates which are likely to be present in this 

molecule (Liischer et al., 1985). In contrast, Rothenberg and Triglia using pulse chase 

analysis suggested that the the a  chain precursor was a 35kD molecular weight band 

(Rothenberg & Triglia, 1983). These different estimates of precursor size might be 

explained by the different times the cells were labelled with 35S; while Liischer and co

workers labelled for 5 minutes, Rothenberg and Triglia did so for 10 minutes. Other 

reasons for problems in identifying the precursor forms of the CD8 chains could be: 

first, that the precursor molecules may be co-migrating with already mature proteins 

thus masking their presence or second, that as different antibodies were used in these 

studies they might be recognising different forms of the due to differences in antibody 

specificity.

5.2 p26 preferentially associates with CD8a' containing 

complexes and CD8(5 alone.

Mature T cells do not express CD8a ' on their cell surface even though the 

levels of mRNA are equivalent to those in the thymus (Zamoyska & Pames, 1988). 

The findings in chapter 3 describe the presence of the CD8 (3' molecule and p26 in both
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mature and immature T cells. I was interested in investigating whether these two 

species were involved in the regulation of CD8 surface expression .

The presence of disulphide bonds between subunits can be shown with a two- 

dimensional SDS-PAGE in which the proteins are run not reduced and therefore have 

intact disulphide bonds in the first dimension and then run reduced in the second 

dimension. All proteins which are not disulphide-bonded will fall on the diagonal, 

whereas subunits of disulphide-bonded complexes will fall vertically below one another 

underneath the diagonal. I used this two-dimensional "off diagonal" gel system to 

examine how a , a ', P, (3' and p26 polypeptides associate with each other within CD8 

complexes.

After metabolically labelling thymocytes, CD8 was precipitated and run non

reduced in the first dimension and reduced in the second dimension. The data 

presented in figure 5.1 A showed that the higher molecular weight species co-segregated 

as complexes containing CD8app' and CD8a'p(3', indicating that either CD8p or p' 

was disulphide-bonded with CD8a and with a 1 polypeptides in thymocytes. In 

contrast, p26 formed disulphide-bonds predominantly with the lower molecular weight 

species: CD8a'P and lone CD8p chains. In addition, some p26 molecules dissociated 

from the complex in the initial non-reducing gel and could thus be seen to lie on the 

diagonal in the second dimension (asterisk in figure 5.1 A) suggesting that some p26 is 

not disulphide-bonded to the CD8 complex. Therefore, p26 was predominantly 

associated with the "immature" forms of the CD8 complex, namely a'P and P, which 

do not reach the cell surface in peripheral T cells.

Using the improved resolution of this two-dimensional gel system for 

examining individual components of CD8 ,1 re-investigated the associations of the CD8 

chains found on the surface of immature T cells. In addition to the heterodimers found 

after metabolic labelling, 125I-SHPP label revealed CD8 associated into high multimeric 

forms (Figure 5.IB). These have been previously noted for both mouse (Ledbetter et
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al., 1981) and human CD8 (Snow & Terhorst, 1983). It is striking that the higher 

multimers contained exclusively CD8a  chains (not CD8a') associated predominantly 

with CD8 p' polypeptides. This was shown to be in contrast to dimeric species in 

which a  chains were seen to associate with either CD8 P or p \ As these higher 

multimeric forms of CD8 seem to discriminate between the P and P' polypeptides it 

suggests regulation of CD8 p* surface expression.

As before, no p26 could be detected on the cell surface, supporting the notion 

that it remains intracellularly. Most chaperones proteins have not been observed to bind 

to assembled functional proteins or to unfolded proteins (Lecker et al., 1989). As p26 

preferentially associates with the "immature" forms of CD8, which do not reach the cell 

surface, this is consistent with a possible role as a chaperone molecule.

5.3 The rate of appearance of the CD 8a', P and p26 is faster 

than that of CD8a and p \

5.3.1 Maturation analysis using anti-CD8a antibodies

In order to evaluate the inter-relationships of the different members of the CD8 

complex during their synthesis, I studied their associations over time by pulse-chase 

analysis. Thymocytes were given a 5 minutes pulse with radiolabelled methionine and 

cysteine and chased in an excess of unlabelled amino acids for the times shown in 

figure 5.2. After 5 minutes labelling, anti-CD8a-coupled beads clearly precipitated 

CD8a ', p and p26 polypeptides. By 90 minutes chase with cold amino acids, these 

three species had started to decline in intensity. In contrast the CD8a  and P' bands 

were first noted at 20 minutes chase, as faint bands, and their intensities continued to 

increase during the remainder of the chase. The initial weak labelling of the a  and P' 

bands could be due either to these species being present as immature precursors at the
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early time points migrating in a different position on the gel or because the immature 

forms are less well detected by the antibody used for immunoprecipitation.

5.3.2 Maturation analysis using anti-CD8P and anti-CD8a tail

antibodies

To address whether failure to observe CD8a  and P' molecules at the earlier 

chase times was due to inefficient precipitation with the anti-CD8oc antibody, I repeated 

the pulse chase analysis using beads coupled with an anti-CD8P antibody for 

precipitation. These data showed that the CD8oc and p' molecules were visible at the 

end of the pulse and by 10 minutes of chase (figure 5.3), suggesting the earlier results 

(section 5.3.1) were due to these species being less well precipitated by the anti-CD8a  

antibody. However even with the anti-CD8p antibody I observed differences in the 

rate of detection of the CD8a  and p' species, which could be seen to increase in 

intensity over the chase period, compared to the CD8a ', p and p26 species which 

declined significantly in signal intensity by 90 minutes of chase.

To further analyse the presence of precursor forms of the CD8a  chain, before 

90 minutes chase, I used a rabbit anti-CD8a  tail antibody for precipitation. This 

experiment was not successful as no radioactive signals were detected even after very 

long exposures. The failure to obtain a signal may be due to the fact that this antibody 

does not immunoprecipitate well compared to the monoclonal anti-CD8a  or P 

antibodies. In addition the signal obtained when labelling CD8 for 5 minutes of pulse 

was very weak.

Together these findings indicated that, firstly, CD8a ' chains were recognised 

by CD8a  antibody earlier than CD8a  chains. This could be because antibody 

recognition is influenced by post translational modifications for example, O-linked 

glycosylation and would suggest that a ' containing complexes are processed more 

rapidly than those containing CD8a  polypeptides. Secondly, the fast processing time 

of the a ',  p and p26 subunits compared to the a  and p1 chains in the pulse chase
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analysis is consistent with the preferences in association revealed in the off-diagonal 

gels (figure 5.2A), namely that p' associates with CD8a  and a ' and that p26 associates 

predominantly with CD8a' and [3 polypeptides.

5.4 Blocking of protein traffic reveals only the a*, (3 and 

p26 polypeptides

To learn more about the associations of the (3' and p26 polypeptides within the 

endoplasmic reticulum (ER) and early Golgi, I used Brefeldin A (BFA) a fungal 

antibacterial reagent which blocks processing of newly synthesised proteins (Misumi et 

al., 1986). For this, thymocytes were treated with BFA, metabolically labelled and 

immunoprecipitated with CD8a  antibody. It has been reported that proteins undergo 

carbohydrate processing by enzymes present in the cis/medial Golgi except for addition 

of sialic acid (Lippincott-Schwartz et a l 1989), which has been described to occur in 

the trans Golgi (Komfeld & Komfeld, 1985). In view of these cellular modifications, I 

expected to find CD8(3 but not P' after BFA treatment as p' is a sialylated form of p. 

As shown in figure 5.4 by analysis on two dimensional gels, only bands corresponding 

to CD8a ', P and p26 were detected after BFA treatment (figure 5.4B) compared with 

untreated controls (figure 5.4A) where all of the CD8 subunits are shown. Because p' 

was not visibly immunoprecipitated after treatment with BFA, these data indicate that 

BFA effectively blocked protein traffic from the trans Golgi thus blocking sialylation of 

the P' subunit.

It is not clear why CD8a  was not found after BFA treatment nor why it was not 

detected at early time points in the pulse chase when precipitated with CD8a  antibody 

(discussed in section 5.3.2). As the a  and a ' subunits are identical throughout their 

external and transmembrane domains, one would expect their rate of synthesis to be 

very similar and the antibody to recognise them both equally. One explanation for these 

confusing findings could be that the time the cells were pulsed (5 minutes) is too long
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to detect the precursor molecules. Another possibility could be that the anti-CD8 

antibody (YTS 169.4), used for precipitation in both analysis, had lower affinity for 

early forms of CD8a  as this subunit may take longer to fold, due to its cytoplasmic tail, 

which is lacking in the a 1 chain.

5.5 p26 associates predominantly with CD8p polypeptides

To further analyse the different associations between CD8 components and the 

two related molecules (p' and p26), metabolically labelled thymocyte lysates were 

immunoprecipitated with anti-CD8p antibody (YTS 156) for two consecutive rounds 

(figure 5.5 lane 1). The supernatant was then divided into three parts and precipitated 

with YTS 156 (lane 2) to determine if any CD8P or p' polypeptides were left in the 

lysate, with anti-CD8a  antibody YTS 169.4 (lane 3) and with an irrelevant antibody 

(89.1) as a control (lane 4). After two rounds of preclearing with the anti-CD8P 

antibody a third round of precipitation with the same antibody failed to precipitate any 

more protein (figure 5.5 lane 2). Interestingly all of p26 was precipitated with the 

CD8 P antibody (figure 5.5 lane 1). Precipitation with anti-CD8a  antibody of the 

remaining lysate showed no p26 associated with CD8a a ' complexes (figure 5.5 lane 

3). The CD8a  precipitation (figure 5.5 lane 3) showed mainly the a  and a 1 

polypeptides suggesting that these two chains are able to form complexes without the p 

chain. Some p polypetide can still be precipitated with the anti-CD8a  antibody 

(YTS 169.4) (figure 5.5 lane 3) and this could be due to the differences in antibodies 

affinities as the anti-CD8P antibody (YTS 156), used in several rounds of preclearing 

(figure 5.5, lane 1), precipitates less efficiently compared to the YTS 169.4 antibody. 

This can be seen in lane 2 where another round of preclearing with the YTS 156 

antibody was unable to precipitate any p or p' polypeptides.
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5.6 Effect of ATP on associations between CD8 and p26

The data shown in the previous chapters and above suggested that p26 is not 

expressed on the cell surface, is sensitive to endo H and associates preferentially with 

a 'P  complexes and P polypeptides alone. Together these data are consistent with p26 

having a possible role as a chaperone molecule.

Several systems have described accessory molecules that interact with newly 

synthesized proteins which are called chaperones. Examples are BiP which interacts 

with Ig heavy chains (Haas & Wabl, 1983), the invariant chain that binds to class II 

MHC (Kvist et al., 1982), chaperonins (Ellis & van der Vies, 1991) and TRAP which 

associates with T cell receptor may also be another chaperone molecule (Bonifacino et 

al., 1988; Pettey et al., 1987). One common characteristic of these accessory 

molecules is that they are only transiently associated with their ligands. The 

compartments in which these associations occur are diverse; while BiP and TRAP 

seemed to be associated with their ligands in the ER (Bole et al., 1987; Bonifacino et 

al., 1988), class II invariant chains are removed from class II MHC molecules in a 

post-Golgi compartment (Blum & Cresswell, 1988). The mechanism by which these 

accessory molecules are released are variable: invariant chain and TRAP have been 

shown to be proteolytically cleaved from their partners (Antusch et al., 1990; Blum & 

Cresswell, 1988), while some chaperone molecules (Ellis & van der Vies, 1991) and 

BiP (Munro & Pelham, 1986) require ATP hydrolysis for the release of their ligand.

In order to investigate if ATP was necessary for the release of p26 from the 

CD8 a 'p  or p chains thymocytes were metabolically labelled and the lysate was 

precipitated by anti-CD8 antibody. The immunoprecipitate was treated with ATP and 

run on an SDS-PAGE under reducing conditions. Shown in figure 5.6 the treated 

precipitate (lane 2) was no different from the untreated control (lane 1). These data 

suggest that ATP hydrolysis was not sufficient to release p26 from the p containing 

forms of the CD8 complex although it does not rule out the possible role p26 might
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have as a chaperone, as many of these type of molecules do not require ATP hydrolysis 

to be able to release their ligands (Ashwell & Klausner, 1990; Blum & Cresswell, 

1988; Ellis & van der Vies, 1991). In addition, the off-diagonal gel analysed above 

(figure 5.1 A) shows that much of p26 is associated with CD8a 'p  and isolated P 

through disulphide bonds, which has not been seen in other chaperone molecules, 

therefore suggesting that if p26 is playing the role of a chaperone molecule it does not 

do so by the mechanisms previously described. Possibly p26 is a novel type of 

chaperone. Aletematively, one could envisage an association between p26/"immature" 

CD8 complexes and a third molecule which would associate directly to p26 and which 

would have chaperone characteristics. The conditions I have used for all the lysates 

would not be helpful in identifying this hypothetical molecule as the detergents would 

probably disrupt such chaperone/ligand type associations.

TRAP, a protein associated with mouse T cell receptor is of similar size to p26 

(Bonifacino et al., 1988) and has been hypothesized to have a function in the assembly 

of T cell receptor components. A similar molecule has been described in the human 

system, named T3-p28 (Pettey et al., 1987). Despite the similarity reported in sizes, 

p26 did not co-migrate (figure 5.7 lane a) with any metabolically labelled proteins in 

anti-CD3 immunoprecipitates from T cells (figure 5.7 lane b). In addition, TRAP was 

found not to contain N-linked sugars and its association with TcR is not through 

disulphide bonds (Bonifacino et al., 1988), thus making it unlikely that p26 is TRAP.

5.7 Discussion

CD8 is regulated in a developmental fashion: while thymocytes express a 'p  

heterodimers on their surface, mature T cells do not in spite of the a ' protein being 

found intracellularly (Walker et al., 1984b; Zamoyska & Pames, 1988). Moreover, the 

p chain is not expressed on the surface without a  or a ' in either immature or mature T 

cells. As shown in the off diagonal gels p26 preferentially associates with the immature
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forms of CD8 a 'P  and p which are not expressed on the cell surface in the periphery. 

Some p26 is also shown to run on the diagonal suggesting that not all of the p26 

present in the cell is disulphide-bonded to the CD8 a 'p  and P polypeptides. In 

addition, p26 is immunoprecipitated with the anti-CD8 p antibody, in the preclearing 

experiments, once again suggesting its close association with the P subunit.

The results of the maturation analysis of the CD8 subunits are somewhat 

confusing. On the one hand, when the pulse chase experiments were 

immunoprecipitated with an anti-CD8a  antibody a 1, p and p26 polypeptides were 

visible at their mature molecular weights after 5 minutes. In contrast, the a  and P' 

chains were not detected until 20-90 minutes chase. On the other hand, when similar 

preparations were immunoprecipitated with anti-CD8p antibodies the a  chain seems to 

be detected, although as a faint band, at 10 minutes chase. There are two possible 

explanations for this discrepancy: the anti-CD8a  antibody does not recognise precursor 

structures or alternatively, the precursor molecules are being masked by mature proteins 

running with the same molecular weight. The first possibility is strengthened by the 

fact that YTS 169.4 fails to blot in Western analysis suggesting that it is a structure- 

dependant antibody. Moreover, as the CD8a  chain differs from the a 1 chain in the 

length of the cytoplasmic tail, its synthesis may be longer compared to the a ' chain and 

would thus not be recognised by the antibody (YTS 169.4) until it has acquired its 

mature conformation (20 min.). However, this is not compatible with previous 

findings using hybrid molecules constructed with the V domain of the mouse a  chain 

and the hinge domain of the rat a  subunit (Classon et al., 1992). These data show that 

the anti-CD8a  antibody (YTS 169.4) recognises the V domain of the mouse a  subunit, 

while the hinge region is recognised by rat anti-CD8a  antibodies. As the V domain of 

the a  subunit is identical to that of a ' it is difficult to determine why this antibody 

would recognise a ' but not a  chains unless, for some reason, the cytoplasmic tail, 

lacking the a ' subunit, delays the folding of the a  chain until 20  minutes of chase. 

However, this would also contradict the observation that anti-CD8p antibodies can
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precipitate aP  heterodimers at earlier time points, suggesting appropriate folding of at 

least some CD8a  molecules.

The second possibility, that precursor molecules are being hidden by mature 

proteins running at the same molecular weight, is difficult to explain if one calculates 

the difference in migration after removal of N-linked and O-linked carbohydrates from 

the a  and a' polypeptides. No bands could be detected on the gel which corresponded 

to the unglycosylated polypeptides even at the earliest times. These data suggest that 

addition of sugars to the a  and a 1 molecules occurs very rapidly and essentially is 

completed by the end of the 5 minutes pulse with radiolabelled amino acids and 

certainly for a ' synthesis this appears to be true. Therefore, a way to confirm this 

would be to pulse the cells with 35S meth/cyst for a shorter time (ie 1 minute or less) 

although the problem would then be getting sufficient label into the precursors to detect 

them.

BFA is an fun gafme tabolite which inhibits transport of newly synthesised

proteins beyond the Golgi complex (Misumi et al., 1986). This metabolite has also 

been shown to cause redistribution of cis/medial Golgi-specific enzymes into the ER 

(Lippincott-Schwartz et al., 1989). After BFA treatment the anti-CD8a  antibody was 

able to precipitate the a ', p and p26 polypeptides while no a  or p' subunits were 

detected. This confirms once more the close association between a', p and p26. In 

addition, BFA has been reported to have a differential effect on post-translational 

modifications (Shite et al., 1990). O-linked sugars of the low density lipoprotein 

receptor were apparently sialylated in the BFA-treated cells, while sialylation of the 

epidermal growth factor receptor, which carries only N-linked carbohydrates, is 

blocked after BFA treatment. It has been suggested that addition of sialic acid occurs in 

the trans-Golgi (Kornfeld & Komfeld, 1985) and although it is not clearly known 

where O-linked sugars are added (Pathak et al., 1988; Tooze et al.t 1988) they are 

thought to be processed in the Golgi, similarly to N-linked carbohydrates. BFA 

treatment may differentially affect sialylation on O- vs N-linked sugars if
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sialyltransferase, which is responsible for sialic acid addition, for these two sugar types 

are localised in different compartments. However contrary to the above findings, I do 

not find P' in BFA treated cells and yet endo F data (chapter 4) suggest that sialic acid 

is on O-linked sugars. These different findings could be explained by CD8 

dimerization. The antibody used for immunoprecipitation after BFA treatment was an 

anti-CD8a  antibody. Therefore, the proteins precipitated are all those which are 

disulphide-bonded to the a  or a ' polypeptides. If the folding of the P' chain were 

affected, but not its sialylation, in such a way that it would not couple with the a  chain, 

that would explain its absence in the BFA-treated immunoprecipitates. One way to 

resolve this issue would be to precipitate BFA treated lysates with anti-CD8p antisera 

and see if either a  or P' are detectable.

Together the data show that a', p and p26 are detected together in contrast to a  

and p', they are still detected after BFA treatment where the ER and cis/medial Golgi 

had been redistributed and p26 associates preferentially with a'P and P lone subunits. 

These findings together with the absence of p26 on the surface of mature or immature T 

cells are consistent with p26 having a possible role as a chaperone molecule. Similarly 

to BiP (Haas & Wabl, 1983), a mechanism could be envisaged where p26 binds to 

newly synthesised a ' and p polypeptides until they are folded and then released. 

Alternatively, a third molecule may be involved, with chaperone-type characteristics, 

which would bind to p26 while p26 delivers the specific signals for enabling correct 

folding of the functional complexes. Even if the role of p26 is not of a chaperone 

molecule the close association between p26, a' and p, shown in several experiments, 

suggest that p26 may be playing an important role in regulating the synthesis or 

expression of CD8 . Whether or not p26 acts as a chaperone this molecule alone is not 

sufficient to explain the mechanism by which the a' chain is developmentally regulated 

in mature vs immature T cells, as p26 can be found in both types of cells.
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FIGURE 5.1

p26 preferentially associates with C D 8ar containing complexes and with 

C D 8p alone

Thymocytes, labelled with 35S-met/cys, panel A, or 125I-SHPP, panel B, were 

immunoprecipitated with anti-CD8a  mAb and run in SDS-PAGE, non-reduced in the 

first dimension (NR) and reduced in the second dimension (R). The position of the 

individual polypeptides is indicated. p26 on the diagonal is indicated with an asterisk.
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FIGURE 5.2

Kinetics o f  p26 are fast compared to p'

Thymocytes were pulsed for 5 minutes with 35S meth/cys and chased with an 

excess of cold methionine and cysteine for the times shown. Cell were lysed, 

immunoprecipitated with anti-CD8a  antibody (YTS 169.4) and run on a 12.5% SDS- 

PAGE. p26 is observed together with CD8a ! and p at 0 min. chase; in contrast P' and 

CD8a  take 20-90 minutes to process. Individual polypeptides are indicated.
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FIGURE 5.3

Biosynthesis o f  CD8 and associated molecules detected with anti-CD8p  

antibody

Thymocytes were pulsed for 5 minutes with 35s meth/cys and chased, with an 

excess of cold methionine and cysteine for the times shown. Cell were lysed, 

immunoprecipitated with anti-CD8(3 antibody (YTS156) and run on a 12.5% SDS- 

PAGE. The positions of individual polypetides are indicated.
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FIGURE 5.4

Effect o f  Brefeldin A treatment on CD8 protein synthesis

Thymocytes treated with Brefeldin A were labelled with 35S-m et/cys, 

immunoprecipitated with anti-CD8a  mAb and separated on a two-dimension SDS- 

PAGE: non-reduced in the first dimension (NR) and reduced in the second dimension 

(R). Panel A is the untreated control, and Panel B is BFA treated. Individual 

polypetides are indicated with arrows.
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FIGURE 5.5

Preclearing with anti-CD8p antibody removes all the p26 protein

Thymocytes were labelled with 35§ meth/cys, lysed and subjected to two 

rounds of immunoprecipitation with the anti-CD8(3 antibody YTS156 (lane 1). The 

supernatant was then divided into 3 aliquots and precipitated with YTS156 (lane 2), the 

anti-CD 8 a  antibody, YTS 169.4 (lane 3), and a control antibody, 89.1 (lane 4). 

Individual polypetides are indicated with arrows.
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FIGURE 5.6

ATP has no effect on the dissociation o f  p26 from  CD 8a*p and p  

p o lypep tides

Thymocytes were labelled with 35s, lysed and precipitated with YTS 169.4 

sepharose. One half of the precipitate was incubated with 5mM ATP at 4°C for 1 hour 

(lane a), while the other half was left untreated (lane b). As a control, lysate was 

precipitated with an irrelevant class-matched antibody, 89.1 (lane c). The samples were 

run in a 12.5% SDS-PAGE. Individual polypetides and molecular weights are 

indicated.
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FIGURE 5.7

p 26  does not co -m igra te  with any p ro te in s  in anti-C D 3  

immunoprecipitates

Thymocytes were labelled with 35s, lysed and precipitated with: anti-CD8a  

antibody, YTS169.4 (lane a); with 2.5{ig/ml of anti-CD3e antibody, 2C11, and 

subsequently with PAS (lane b); with a control antibody, 89.1 (lane c). Individual 

CD8 polypeptide chains and molecular weight markers are indicated.
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CHAPTER SIX

E F FE C T S O F T CELL A C T IV A T IO N  O N TH E p' A N D  p26  

P O L Y P E P T ID E S

6.1 Introduction

The previous chapters present biochemical characterisation of two molecules, 

CD8p* and p26, associated with the CD8 complex. These findings suggested p26 to 

be a novel protein associated with a'P and p polypeptides which is not present on the 

cell surface of either mature or immature T cells. Moreover, p26 has a fast rate of 

synthesis, together with the a ' and p subunits, and it does not seem to be affected by 

treatment with Brefeldin A (BFA) as it is shown to immunoprecipitate with anti-CD8a  

antibody after treatment. The data suggest that the second molecule, the P' 

polypeptide, is a sialylated form of the P subunit, and it is found on the surface of T 

cells. Its rate of synthesis is slower than that observed for a ', P and p26, and it is not 

immunoprecipitated after BFA treatment, as expected of a molecule which is terminally 

processed in the trans Golgi. Having thus characterised these two molecules associated 

with the CD8 complex the question that then arises is, in what ways are these molecules 

involved with CD8 function.

Although the function of CD8 itself is still under investigation the complex has 

been implicated in enhancing the interaction between T cells and their targets and in 

transducing a signal in T cell activation. The role of CD8 in enhancing the association 

between cytotoxic T cell and its target has been described in several studies. For 

example, lysis of target cells by murine CD8+ CTL clones showed different 

susceptibilities to blocking by anti-CD8 antibodies and this was inversely correlated 

with the density of specific antigen on the target cell (MacDonald et al.y 1982). In 

addition, Maryanski and co-workers demonstrated that in conditions where the density 

of MHC antigens, TcR and CD8 remained constant, inhibition by anti-CD8 antibodies
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of the cytotoxic activity of CD8+ CTL clones was dependant on the concentration and 

primary structure of the peptide antigens (Maryanski et al., 1988). Moreover, transfer 

of the TcR genes into CD8'  CTL hybridomas was not sufficient for target killing in the 

absence of co-transfection of CD8 (Dembic et al., 1987). These findings suggest that 

CD8 enhances TcR-antigen/MHC interactions in situations where the TcR has a low 

affinity for its antigen. In blocking experiments CD8 has been considered also to have 

a role in adhesion although it was demonstrated to be a minor one compared to CD2 

and LFA-1 (Spits et al., 1986).

The function of CD8 in transducing a signal in T cell activation has been 

strongly correlated with the non-covalent association of p56lck to the cytoplasmic tail of 

CD8 and CD4 shown by co-immunoprecipitation studies (Rudd et al., 1988; Veillette et 

al., 1988). p56lck is a lymphocyte-specific tyrosine kinase (Marth et al., 1985), and its 

association to CD4/CD8 is required for efficient signal transduction via the TcR 

complex (Chalupny et al., 1991; Glaichenhaus et al., 1991). Phosphorylation of 

proteins on tyrosine residues has been described as the earliest event in T cell activation 

(June et al., 1990). One of the known substrates for tyrosine kinases is the £ chain of 

the TcR/CD3 complex shown by the co-precipitation of CD3 and CD8/p56lck in the 

presence of [32P] ATP (Barber et al., 1989; Rudd et al., 1989). This analysis resulted 

in the labelling of the £ chain which was confirmed by reprecipitation with an anti- 

phosphotyrosine antibody (Barber et al., 1989). Cross-linking of CD4 or CD8 in 

murine thymocytes with antibody has been suggested to induce tyrosine 

phosphorylation of p56lck and the CD3£ subunit (Veillette et al., 1989a; Veillette et al., 

1989b). These data suggest that CD4/CD8-mediated T cell activation may be linked to 

phosphorylation via a tyrosine kinase.

Initial attempts to study the functional role of CD8[V and p26 are described in 

this chapter. Analysis of the functional role of p26 is limited by the lack of a specific 

antibody. In contrast, the (3’ polypeptide is recognised by anti-CD8p antibodies which 

help in studying its possible role in activation and/or enhancement of interactions of T
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cells, two functions described for the CD8 complex. The aim of this chapter was to 

investigate the role of the CD8fV chain and p26 in T cell activation.

6.2 Surface expression of the J31 chain increases upon T cell 

activation

In chapter 3 it was shown that the sialylated form of the p chain, p', was 

present in both immature and activated mature T cells. Moreover, it was hypothesised 

that the p’ subunit was independently regulated from the p chain as surface expression 

of multimeric forms of the CDS complex were composed primarily of the a  and P' 

subunits (chapter 5). Other studies using carbohydrate-specific antibodies and lectins 

have shown different binding patterns between resting and activated human and mouse 

T cells (Axelsson eta l., 1978; Conzelmann eta l., 1980). More specifically, changes in 

the leukosialin O-glycosylation biosynthetic pathway have been described upon human 

T cell activation (Piller et al.y 1988). These findings prompted me to examine whether 

the sialylation of CD8P was altered upon T cell activation.

Using a transgenic model in which all the CD8+ cells were of a single antigenic 

specificity provided a unique opportunity to study T cell activation which would not 

have been possible in normal animals where the percentage of cells responding to any 

single antigen would be too low. Peripheral T cells were used from mice transgenic for 

an a p  T cell receptor (TcR) (Mamalaki et al., in preparation) derived from a CD8+ 

cytotoxic T cell (F5) (Townsend et al.y 1984) which is specific for influenza 

nucleoprotein in association with H-2Db molecules. In transgenic mice of the 

C57B1/10 background there was selection for T cells expressing both the F5 receptor 

and CD8 , resulting in an increase in the number of peripheral CD8+ T cells, which 

almost all expressed the F5 TcR and had a single antigenic specificity (Mamalaki et al., 

submitted). Therefore these animals allowed me to investigate, in vivo , whether 

expression of the individual CD8 polypeptides on the cell surface was altered upon T
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cell activation induced by immunisation with the appropriate influenza nucleoprotein 

peptide.

Spleen cells isolated from F5 transgenic mice injected 24 hours previously with 

PBS alone or soluble peptide were enriched for T cells and surface-labelled with i25I- 

SHPP. CD8 molecules were precipitated from these cells and run first under non- 

reducing conditions (horizontal dimension) and then under reducing conditions (vertical 

dimension) to identify the different polypeptides within each complex. The two- 

dimensional gels (figure 6.1 A and 6 .IB ) showed a marked increase in the expression 

of CD8p' molecules upon activation, in contrast to CD8a molecules which were 

essentially unaffected. Figure 6 .IB showed that the CD8a band was more spread 

indicating that it formed disulphide bonds with the CD8p’ subunit. Spleen cells from a 

normal C57B1/10 mouse showed a similar CD8 pattern to unimmunised transgenic 

spleen cells.

The increase in p' after activation, shown as an increase in radioactivity, was 

determined by counting isolated bands and calculating ratios. The ratio of a:P  in the 

untreated control (figure 6.1 A) is reduced from 1:2 to 1:1.3 in activated cells (figure 

6 .IB); in contrast the ratio of a:p' was increased from 1:1.6 in untreated cells to 1: 2.3 

after activation. These findings show that the ratio of CD8a to p plus p* is relatively 

constant, however as the cells become activated a percentage of CD8 heterodimers 

change from ap  to ap' forms. In addition, CD8+ peripheral T cells from immunised 

animals showed a significant increase in cell size and gained cytotoxic ability indicating 

that they had indeed become activated (Mamalaki et a l , submitted).

In order to verify that the difference between resting and activated transgenic T 

cells was due to an increase in sialic acid residues, the remainder of the 125I-labelled 

immunoprecipitates from the transgenic mice shown in figure 6.1 A and 6 . IB were 

treated with neuraminidase from Arthobacter ureafaciens and re-analysed on two- 

dimensional gels. Neuraminidase treatment significantly reduced the amount of the
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CD801 species in the activated sample (figure 6 .ID) resulting in a single broad band co- 

migrating with CD80. As Arthobacter ureafaciens neuraminidase is selective for the 

removal of a 2-6  linked sialic acid, it is possible that some sialic acid remains which 

might be removable by treatment with a combination of neuraminidases with different 

specificities. Regardless of this, it is clear that neuraminidase treatment of the 

precipitate from activated T cells (figure 6 .ID) reverted the pattern to that seen with 

precipitates from unstimulated T cells (figure 6.1 A). Thus, the major change upon 

activation, an increase in 0 ' expression, is due to increased sialylation.

6.3 Neither p26 nor 0' are phosphorylated

Although CD4 and CDS are directly linked to the tyrosine phosphorylation 

pathway through their interaction with p56lck, they themselves are not substrates for 

tyrosine phosphorylation but are both phosphorylated on serine residues. Activation of 

T cells by specific antigens, anti-CD3 or anti-CD2 antibodies or phorbol esters has been 

suggested to result in phosphorylation of CD4 and CD8 (Acres et al., 1986; Acres et 

al.y 1987; Blue et al., 1987). Murine CD4 contains three serine residues which are 

phosphorylated, to different degrees, in response to phorbol esters (Shin et al., 1990). 

When these serine residues were mutated the ability of CD4 to restore antigen 

responsiveness was significantly impaired. In contrast, when the two putative sites for 

serine phosphorylation, on the CD8a  cytoplasmic tail, were mutated no effect was 

observed on the antigen responsiveness of a  transfectant hybridomas (Williams et al., 

1991). As CD80' levels increase upon T cell activation (see above) I was interested in 

analysing whether 0 ' participates in the serine phosphorylation cascade.

Although the data presented in the previous chapters suggest that p26 is not 

expressed on the cell surface and therefore not likely to be directly involved in T cell 

activation, it is still possible that p26 does play some signalling role. Potentially p26 

could be either expressed on the cell surface with a very small external domain or
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associated with the CD8 complex as has been shown with p56*ck. For example, the £ 

subunit of the TcR/CD3 complex has a very small external domain with a large 

cytoplasmic tail (Klausner & Samelson, 1991) and is essential for antigen-stimulated 

signalling (Frank et al., 1990). p26 could have a similar structure which would explain 

why it was overlooked with the surface labelling methods used in this work. Another 

possibility could be that p26 is itself a kinase, similarly to p56lck, which is associated 

with the cytoplasmic tail of CD8 subunits and which might be phosphorylated upon 

activation. Therefore, I was interested in investigating whether p26 was 

phosphorylated during activation and if so if it could possibly be involved in the 

phosphorylation pathway.

To address whether the P' and/or p26 molecules are phosphorylated 

concanavalin A activated spleen cells were labelled with 32P-phosphate and 

subsequently incubated in PMA for 20 minutes. Cells were lysed, precleared and 

immunoprecipitated with an anti-CD8a  antibody (figure 6.2 lane a) and with anti-CD3e 

(figure 6.2 lane b). As predicted a band corresponding to the CD8a  subunit is 

phosphorylated (lane a) although no bands corresponding to p, p' or p26 are shown to 

be phosphorylated after PMA treatment. As a control, cells labelled with 32P, treated 

with PMA and immunoprecipitated with an anti-CD3e antibody were run under 

reducing conditions (lane b). Several bands are shown whose molecular weights might 

correspond to CD3e, y, which are known to phosphorylate on serine residues 

(Samelson et al., 1986). These data suggest that neither CD8p' nor p26 are 

phosphorylated in mature activated T cells after PMA treatment, and thus are not 

directly involved in the phosphorylation signalling pathway.

6.4 Discussion

Analysis of the role of CD8p' and p26 showed a marked increase in the levels 

of p' subunits upon activation of mature T cells. Although the amount of ap  plus aP'
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heterodimers on the cell surface remains constant, activation of T cells results in an 

increase of the aP' dimers with a concomitant decrease of aP  complexes. In addition, 

activated mature T cells did not phosphorylate any bands corresponding to the p1 or the 

p26 molecules after treatment with PMA. In contrast, as previously reported only the a  

subunit is shown to be phosphorylated after PMA treatment (Acres et al., 1986; Acres 

et al., 1987; Blue etal., 1987).

In a previous chapter it was shown that in 125I surface-labelled thymocytes anti- 

CD8 antibodies immunoprecipitate a significant percentage of the CD8p chain in the p' 

form (chapter 3). This is not the case for resting peripheral T cells (figure 6.1 A) 

although the pattern seemed to revert once the cells were activated (figure 6 .IB). Thus 

the levels of CD8P* are high in the thymus, decrease once the cells enter the periphery 

and increase again upon T cell activation. These findings suggest that the sialylation 

state of the p chain is variable and seems to change according to different stages of CD8 

activity. In the nervous system biosynthesis of sialic acid moieties are shown to be 

similarly regulated. Neural cell adhesion molecules (N-CAM), which are highly 

sialylated, are present on the surface of embryonic myotubes, disappear in adult 

muscle, but reappear upon denervation of adult muscle (Covault & Sanes, 1985). In 

the brain, highly sialylated forms of N-CAM are predominant in the embryonic and 

neonatal stages and are later replaced by less sialylated forms as development proceeds 

(Rothbard et al., 1982). Such a transition from high to low number of sialic acid 

residues may act to stabilise neuronal patterns of adhesion. Perhaps in the immune 

system as well, differences in adhesiveness might be specifically important in different 

stages of development or during different states of activation.

Such differences in adhesiveness could be mediated by changing levels of sialic 

acid which has been shown to be important in the interactions between a number of 

receptors and their ligands (discussed in chapter 4). For example, if sialylation of 

CD8p chains is relevant for the interaction of CD8+ T cells with their targets, it could 

have an enhancing effect like peripheral lymph node homing receptor which binds its
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ligand only when sialylated (Imai et al., 1991). In contrast, sialic acid could have an 

inhibitory effect similar to the adhesion between thymocyte and cortical epithelial cells 

which is enhanced after neuraminidase treatment (Nonoyama et al., 1989). On the one 

hand, if the sialic acid acts to reduce adhesion through the CD8 complex the lack of 

sialic acid moieties in the p polypeptide in mature resting T cells might indicate that 

increased adhesiveness is advantageous under those conditions. On the other hand, if 

the sialic acid residues present in the p' chain are having an enhancing effect on 

adhesion one could hypothesise that this property might be important for thymic 

maturation and for T cell activation, two roles described for the CD8 complex.

The role of sialic acid in T cell differentiation has been addressed in several 

studies. For example, Thy-1 molecules have been shown to modify their carbohydrate 

composition upon maturation of T cells (Hoessli et al., 1980) and Despont and co- 

workers showed that thymocytes contained less sialic acid than mature T cells (Despont 

et al., 1975) Moreover, the interaction between thymic epithelial cells and thymocytes 

changes relative to the density of CD3 molecules on the cell surface; that is to say only 

the CD3du11 population binds to thymic epithelial cells while CD3' and CD3+ cells will 

only do so after removal of the sialic acid residues on the cell surface (Nonoyama et al., 

1989). These findings suggest that sialic acid specifically blocks binding of CD3+ 

thymocytes to thymic epithelial cells and may be involved in the maturation process of 

T cells. CD8 has been shown to be important in cytotoxic T cell killing and this has 

also been shown to be influenced by sialic acid moieties. Thus, the rate of hybridoma 

mediated cytotoxicity increased after pretreatment of both effectors and target cells with 

neuraminidase (Kaufmann et al., 1981). This increase in cytotoxicity might be due to 

reduction of repulsive forces permitting the effector cell to reach its target more 

efficiently, or it could be due to the exposure of masked antigens.

Another intriguing possibility is whether increased sialylation would affect 

potential interactions between CD8 and other molecules on the T cell surface, 

particularly if sialylation occurs mainly in the hinge where the O-linked sugars have
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been predicted. In this context it is interesting that we observe a predominance of 

CD8P' chains associated in high multimers on thymocytes (chapter 5) and activated T 

cells. If CD8P' molecules were either more or less able than CD8P to achieve close 

proximity with the T cell receptor on the cell surface this could be a significant 

modulator of CD8 function, as either outcome would affect transduction of activation 

signals in CD8+ T cells.

CD4 and CD8 have been shown to physically associate with the TcR during T 

cell activation supporting the co-receptor hypothesis. Different studies have been used 

to document these associations. For example it has been shown that when CD4 is 

deliberately cross-linked to the TcR there is better stimulation (Eichmann et al., 1987; 

Emmrich et al., 1986; Owens et al., 1987). Other studies showed that anti-CD4 Fab 

fragments, which are not able to activate lck directly (Veillette et al., 1989a), will inhibit 

activation by antigen or by monoclonal antibodies against a TcR epitope, suggesting 

that inhibition is obtained through steric hindrance and that CD4 must associate with the 

TcR to induce activation (Haque et al., 1987; Janeway Jr et al., 1987). Moreover, anti- 

TcR antibodies which are able to induce an association between CD4 and TcR will 

activate T cells 30-300 times more than other antibodies which are not able to associate 

these two molecules (Kupfer & Singer, 1988; Rojo & Janeway Jr, 1988; Rojo et al.,

1989).

Studies done on the association between CD8 and TcR have shown that upon T 

cell activation simultaneous modulation of these two molecules is rapidly induced on 

class I alloantigen-specific CTL (Takada & Engleman, 1987). The alloantigen-induced 

modulation of TcR is blocked by anti-CD8 antibody and anti-CD3 blocked modulation 

of CD8. Moreover, anti-TcR antibodies failed to induce modulation of fresh 

unstimulated CD8+ cells. Similar studies were shown with the CD4 molecule and, like 

CD8, co-modulation of CD4 and TcR could be induced upon T cell activation but was 

not detected when using fresh unstimulated T cells (Rivas et al., 1988). Recently, 

using a panel of anti-CD4 antibodies which bind to different CD4 epitopes it has been
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shown that the association between CD4 and TcR occurs in a specific orientation 

(Dianzani et al., 1992). Physical interaction between CD4 and TcR is required for 

tyrosine phosphorylation of the TcR£ chain, presumably through p56lck (Dianzani et 

al., 1992). This phosphorylation is only induced by antibodies which also induce 

CD4/TcR association. Furthermore, the £ chain tyrosine phosphorylation occurs 15 to 

60 minutes after TcR cross-linking which exactly parallels CD4/TcR association. 

These findings are consistent with other studies where for example CD8a' molecules 

which are not able to bind p56lck are not able to restore T cell hybridoma 

responsiveness (Zamoyska et al., 1989). Similar findings were reported when 

studying CD4 or CD8 molecules which cannot associate with lck; although they are 

able to recognise peptides presented by either MHC class I or MHC class II they do so 

only slightly above the level seen when no CD4 or CD8 molecules are present 

(Glaichenhaus et al., 1991; Miceli et al., 1991). There is no direct evidence linking 

p56lck to the phosphorylation of the £ chain, as the substrates phosphorylated by this 

kinase are not yet known. Nevertheless, these data emphasise the important role 

CD4/TcR association has in the tyrosine phosphorylation of the £ chain, which is 

believed to play a key role in T cell signal transduction. By analogy, if close 

association between CD8 and TcR is necessary for activation of cytotoxic T cells then 

the ability to regulate this association, by modifications to the P chain for example 

would provide a means for regulating T cell responsiveness.

The protein tyrosine phosphatase, CD45, has also been found associated with 

CD4 or CD8 molecules at a late activation stage in antigen receptor-stimulated human T 

cells (Mittler et al., 1991). One possibile explanation for this is that as p56lck can be 

itself phosphorylated (Luo & Sefton, 1990; Rudd, 1990), this interaction might allow 

CD45 to dephosphorylate p56lck in order to reset the receptor and associated molecules 

to receive subsequent signals. These findings are in concert with results shown by 

Ostergaard and Trowbridge where clustering of CD4 or CD8 in transfected cell lines led 

to an increase in tyrosine phosphorylation of p56lck in cells lacking CD45 compared to
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cells that had CD45 (Ostergaard & Trowbridge, 1990). Another explanation could be 

that phosphorylation of p56lck has been shown to reduce its kinase activity (Rudd,

1990), thus in T cells CD45 might inhibit this phosphorylation and so maintain lck at a 

higher basal level of activity. Together these findings suggest that upon T cell 

activation much is to be gained by CD8 associating with other surface molecules, and 

sialic acid moieties might be one of the mechanisms regulating these interactions.

A marked increase of CD8P' expression was found within 24 hours of in vivo 

administration of antigen recognized by the transgenic T cell receptor (figure 6. IB), 

which persisted for at least four days of daily antigen administration (data not shown). 

Interestingly, despite the presence of O-linked sugars on the CD8a polypeptide, no 

significant changes in migration on SDS-PAGE were seen upon activation of this 

subunit. These results suggest that CD8a does not undergo comparable alteration of its 

sialylation state, and that this process is specific for the p chain. As the findings 

presented in the previous chapters predict that the sialic acid residues are added to the 

O-linked sugars of the p chain, it could be that parallel to the increase in sialic acid in 

response to T cell activation, there is an increase in O-linked sugars. Similar findings 

have been reported for leukosialin (CD43) where changes in O-glycan biosynthesis 

upon human T cell activation results in alteration of O-linked sugars found on this 

molecule (Piller et al., 1988). CD43 is heavily glycosylated and has been shown to 

carry more than 170 sialic acid residues. Moreover, these studies have shown that the 

expression of p i—>6-N-acetylglucosaminyltransferase increased on T cell activation 

from undetectable to levels comparable to those of other glycosyltransferases, 

concomitant with a decrease in a2 —>6 sialyltransferase activity. Since both enzymes 

compete for the same precursor substrate the shift from one sugar structure to another 

during human T cell activation is most likely due the altered levels of these two 

enzymes. In addition, it was suggested that CD43 might be involved in T cell 

activation through a pathway different from that associated with the T cell receptor 

(Mentzer et al., 1987). CD43 is also a major component of the plasma membrane and
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one of its roles might be to modulate the interaction between T cells and their 

environment.

At this point it is not possible to determine if the roles of CD43 and CD8p' 

during T cell activation are at all related. What is clear though, is that changes in the 

carbohydrate structure of more than one membrane protein occur upon activation of T 

lymphocytes. It will be of great interest to analyse whether the changes in 

oligosaccharide structure, of these membrane molecules, play a direct role in the 

function of activated T cells or whether they act by modulating the way in which T cells 

interact with their surroundings during T cell activation.
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FIGURE 6.1

T cell activation induces sialylation o f CD8p, increasing surface 

expression o f  C D 8p \

F5 T cell receptor transgenic mice were immunised i.p. with PBS (Panel A and 

C), or 56 (ig of influenza nuclear protein peptide (Panel B and D). 24 hours later 

spleens were removed, the cells treated with anti-HSA antibody plus complement to 

enrich for T cells and surface labelled with 125j_shPP. Anti-CD8 immunoprecipitates 

were untreated (Panel A and B) or treated with neuraminidase (Panel C and D) and run 

on SDS-PAGE, non-reduced in the first dimension and reduced in the second 

dimension. Ratios were obtained by counting radioactivity of individual species: 

Panel A a :p  = 1: 2 and a :p ' = 1:1.6; Panel B a :p  = 1:1.3 and a:P ' = 1: 2.3.
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FIGURE 6.2

Neither C D 8p* nor p26 are phosphorylated after PM A treatment of  

activated mature T cells

Concanavalin A activated spleen cells were labelled with 32p_phosphate and 

subsequently incubated in 30ng/ml of PMA for 20 minutes. Cells were lysed, 

precleared and immunoprecipitated with anti-CD8a  antibody (lane a) and with anti- 

CD3e (lane b). Phosphorylated CD8a  chain is indicated with an arrow. No labelled 

bands are seen at molecular weights corresponding to CD8fV or p26 polypeptides. 

Molecular weight markers are indicated to the right.

152



■»

a b

I "
- 4 6

-  •

- 3  0

- 2 1 . 5



CONCLUDING REMARKS

The aim of this thesis was to identify and analyse two molecules associated with 

the murine CD8 complex of 26kD and 29kD molecular weights.

The 26kD molecular weight species was found to be a novel protein interacting 

with the CD8 subunits. It is co-immunoprecipitated with CD8 in both mature and 

immature T cells but not expressed on the cell surface of either population. Studies 

suggest that it contains 1 N-linked sugar of the high mannose type. p26 associates 

preferentially with the immature forms of CDS, namely the a 'p  dimers and p alone. 

Future work will concentrate on purifying p26 in order to obtain a protein sequence 

which can be compared to known sequences in the data base. Once obtained, the next 

step would be to clone the gene encoding p26 and to raise antibodies against it. This 

will facilitate the study of p26, independently of the CD8 complex, and will also help to 

determine if it is present in T cells which do not express CD8 or in other cell types. As 

CD8a'p heterodimers and p molecules are not expressed on the cell surface of mature 

T cells it would be interesting to study the possible role p26 has as a chaperone 

molecule involved in the regulation of CD8 surface expression.

The 29kD molecular weight protein was identified as another form of the CD8p 

chain, which I named P'. The difference between these two proteins is that while the 

p' molecule contains sialic acid residues the p chain does not. CD8p’ is expressed on 

the surface of both immature and mature T cells. In an attempt to study its role in T cell 

activation I showed that although the ratio of CD8a  to P plus p' is relatively constant, 

as the cells become activated a percentage of CD8 heterodimers change from ap  to a p 1 

forms. Sialic acid moieties have been shown to play an important role in adhesion, in 

some cases an enhancing role while in others it has an inhibitory function. Therefore, it 

would be interesting to investigate if once T cells are activated a sialylated form of CD8 

might affect potential interactions between CD8+ cells and other molecules on the T cell
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surface or between T cells and their targets. Future studies on the cell surface 

interactions could take advantage of milder detergents for lysing T cells, which would 

maintain non-covalent associations intact. This would be a helpful tool to subsequently 

immunoprecipitate the surface-labelled cell lyastes with anti-CD3, anti-CD45 or anti- 

CD2 antibodies to investigate if the CD8J3' chain is preferentially co- 

immunoprecipitated with any other surface antigen and if this association is determined 

by the activation state of the T cell population studied. Confocal microscopy techniques 

could be used to determine differences in the interactions between CD8p' or P chains 

with other accessory molecules on the cell surface of resting versus activated T cells. 

In addition, this technique would help to study whether this sialylated form of CD8P 

could affect interactions between cells, for example between CTLs and target cells or 

between T cells and antigen presenting cells.
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